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What to do in case of an air burst...

r iy

First, obey authoritics. Rediological defense per-
sonnel, trained in defensive aspects of atomie warlare,
will know best what you should do., Remain calm,
Any panic or hysteria will add to possible confusion,
Even if radiological defense sdvisors are not present,

<+ commen senge will help you te protect yoursell. Try
to wadersiand what stomie energy is. Many people
meglect reading about vhis subject. They think it 1
<. tos compleated, or secret, or mysterious. The genersl
Pl .prifiéiples of stemic energy and stomie warfare ean
be understood by anyone whe will take the time and
sbhow the interest. Muany good articles have been pub-
lished and are available in Libraries and elsewhere.
“Ri. The Atemic Energy Commisslon regularly publishes
T informatien which is emily wnderstood and which is
sceurate and up to date,

- - Sucond, i an early warning of an stiack is given,
Y MEGA- mave to designated shelters or disperse as direcied by
3 F=0 your unit eemmander. Your help will be needed
|

%" sfter an explosion occurs,.se listen carcfully to your

7, commender's lnstructions. He may tell you where to

» s .. assemble after the explosion occurs, or what duties

TN you ars expected to perform. Remember that fire

.7 fighters, rescwe aquads, streicher bearers, wrecking

erews, and others will be needed to help minimize
sasualties and damage.

Third, il there has been ne early warning, but only
+  am alert that indicates an immediate attack is expected,
F ’;ig- try te lake eover, An air raid shelier, s deep basement,
"+ & sabway afford good shelter. Remember that sn
stomie explotion is aimilar te an ordinary explosion
axtept for its size and tha added radistion effect. The
. _ indistien hasard will be grestly reduced, and in most
5., enshe eliminsted, by findiag shehtor that will protect
llﬂhh by the heat and hlast.

Poureh, ¥ adoquets sbeltae is not availsble, you
il esn take messures agrint injury frem flying de-
beis, Got away from frame buildings and trees. Lie
MMthWamﬂhanM
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AREA OF DAMAGE WIDESPREAD
LASTING RADIATION SLIGHT

get panicky, Remala under shelter for a few minutes
after the blast to make sure that all flying debris has
landed.

Fifth, try to help any injured people near you.
Even il someone has been exposed 10 excessive radio-
activity, you will not be hurt by helping him. Radio-
activity is not contagious. Administer first aid to the
injured if powible. Put out amall fires that may have
been atarted. Remember that many of the people
in Hiroshima and Nagasaki died because they were
injured and could not escape the fires that wers
started by the explasion. Be careful of falling build.
ings or large Gres.

Sixth, report to the place designated by your com.
mander. If po area hes heen designated, see if you
ean help some rescue or fire ﬁ;lu.in; outfit that has
been organized.

Seventh, when the initial rescus work, fire fighting,
and evacuation of the wounded is completed, it is wise
to take a shower, completely serubbing with soap
theee or four times to remave any radioactive materialy
which may have been depasiled on you. Hair, hands,
and fingernails should be given special attention, If
possible, change o clean clothes und shocs. Discard
the clothes you were wearing while in the sffected
ares, particularly the shoea.

Eighth, when feasible check with a radiological
defense advisor and a doctor te make sure you are
well and safe.

Ninth, do not spread rumere Ensugh confusion
will exist without adding to it. The false impressiona
most people have regarding the effects of the stomie
bomh probably esn be iraced back to the rumors and
false information that were spread in Japan, Remem-
ber that an air burst of an atemie bomb s primasily
a blast and heat weapen, Yoo sheuld think more
anbeut protecting yourself from burns and concuossion
than from radiation. More and more aceurate infor
mation is being published sbout radiation. It does
mot appear mysteriens or highly dangerous once you
snderstand what it is. Radiation iz another hazard
of war, just a2 malaria, poison gas, biological warfure,
and booby traps sve er may be hasards of war,
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FOREWORD

This pamphlet has been prepared to furnish instructors with information necessary to indoctrinate Army
military personnel in atomic energy, in accordance with the requirements of phases II and I1I of the De-
partment of the Army SR 350-80-1 (Program for Dissemination of Atomic Energy Information), The
material in this publication has been obtained from many sources, pasticularly recently published articles.

In most of the chapters, more material has been included than normally could be used in the time as-
signed for the lecture. The additional information, however, will allow each instructor to select his ma-
terial according to the varied needs of his classes. Charts, graphs, and tables have been used ir presenting
the material so as to permit the instructor to obtain considerable information in a minimum of time.

The titles of the first nine chapters coincide with the titles of the nine lectures of phase II. Each
chapter contains the instructional information for the corresponding lecture. Since the lectures probably
will not be given by the same instructor and the sequence may be changed, each chapter has been pre-
pared as a self-contained unit, and, hence, contains some slight duplication of material.

For those instructors who wish to pursue the subject in greater detail than is presented in this pamphlet
an annotated bibliography is included as appendix I, and a list of pertinent training films and film strips
as appendix 11,

Atomic energy information, both military and non-military, is #xpanding so rapidly that it is impossible
to keep a source book such as this up to date. Therefore instructors frequently should check current
literature for new material. The more important technical magazines covering the subject are listed in
the bibliography.

Considerable more technical data on nuclear physics has been included in the material for chapter 11
than would be presented to officers or enlisted men in an indoctrination program such as is indicated by
phases Il and II1. It ia believed, however, that it will be of benefit to the individual instructor, for with
this information available he will be able not only to select the proper level of instructional material the
class may absorb within the time permitted, but he will have the additional reserve information to answer
questions with confidence, as they arise in the class. .

Instructional material for phase II indoctrination also is covered in this publication. The chapter
references for each phase IIT lecture are as follows:

Phase 11T Major reference
Chapter 1, first portion; chapter 5.
Chapter 3.
Chapter 4.
Chapter 6.
Chapter 8.
Chapter 6.
Chapter 6.
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CHAPTER 1
HISTORY OF ATOMIC ENERGY
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de- - story of the atom bomb begins back in the
he M ages when the alchemists attempted to change
€s. base metals into gold. It was not until 1896, how-
is- ever, that . Becquerel accidently discovered the
1a- phenomenon of radioactivity by noting that uranium
ng emitted invisible rays which affected a photographic
plate. In 1898, the French scientists Marie and
ch Pierre Curie discovered a number of elements, not-
ly ably radium, which scemed to undergo 2 constant dis-
|ore- 3

The Curies explamcd this occurrence
I ﬁ"sh'ms of atomic decay. It was in 1905 that Al-
| let Sert Einstein defined the relation between all matter

L P & energy and evolved his revolutionary theory of
| . sl relativity, Einstein concluded that the amount
e Sllaccey, E, equivalent to a mass, m, was given
ot jequation E = mc’ where c is the velocity of
n _ A number of years later in 1919 Lord Ruther-
N #ctually changed microscopic amounts of one
- mto another. This was the first man-made
th tion, and while it did not fulfill the drearns
be gaichemists of changing base metals into gold,
e d change the very stable gas, nitrogen, into the

mown, equally stable gas, oxygen. In 1932
er aft and Walton verified, by experiment, the

on of Einstein for the equivalence of mass and

h story of nuclear fission came to America in
193?‘ Shortly before Niels Bohr of Copenhagen,
' park, arrived in the United States in January
£ year to discuss certain abstract problems with
'Emstem his colleagues, O. R. Frisch and
, told him their guess that the absorp-
k.2 neutron by a uranium nucleus sometimes
at nucleus to split into approximately equal
the release of enormous quantities of en-
poess that soon began to be called nuclear
The occasion for this hypothesis was the
discovery of O. Hahn and F. Strassmann,
ny, which proved that an isotope of barium
ced by neutron bombardment of uranium.
y on arrival in the United States, Bohr,
ted this idea to his former student, J. A.

:.. : SQection I. DEVELOPMENT OF THE ATOM BOMB

Wheeler, and to others at Princeton; from them
the news spread to neighboring physicists, including
E. Fermi at Columbia University. As a result of
conversations between Fermi, J. R. Dunning, and
G. B. Pegram, a search was undertaken at Colum-
bia for the heavy pulses of ionization that would be
expected from the flying fragments of the uranium
nucleus.

On 26 January, 1939 there was a Conference on
Theoretical Physics at Washington, D. C,, sponsored
jointly by the George Washington University and
thg Carnegie Institution of Washington. Fermi left
New York to attend this meeting before the Columbia
ission experiments had been tried. At the meeting
Bohr and Fermi discussed the problem of fission and,
in particular, Fermi mentioned the possibility that
neutrons might be emitted during the process. Al
though this was only a guess, its implication of the
possibility of a chain reaction was obvious. A num-
ber of sensational articles were published in the
press on this subject. Before the meeting in Wash-
ington was over, several other experiments to confirm
fission had been initiated, and positive experimental
confirmation was reported from four laboratories
{ Columbia University, Carnegie Institution of Wash-
ington, Johns Hopkins University, and the Univers-
ity of California) in the Physical Review, 15 Feb-
ruary, 1939. By this time Bohr had heard that simi-
lar experiments had been made in his laboratory in
Copenhagen about Januwary 15. (Letter by Frisch
to Nature, 16 January, 1939, and appearing in the
February 18 issue.) F. Joliot, in Paris, also had
published his first results in the Comptes Rendus, 30
January, 1939. From this time on there was a
steady flow of papers on the subject of fission, so
that by 6 December, 1939 when Turner wrote a re-
view article on the subject in the Review of Modern
Physics, nearly one hundred papers had appeared,

In the summer of 1939, Dr. Leo Szilard discussed
with Einstein the results of the findings that he and
Dr. Fermi had made under Dr. G. B, Pegram, and
stressed the urgent need for action by the United

RESTRICTED




States government. Conscious of the disaster which
inevitably would follow if Nazi Germany should be
the first to succeed in releasing atomic energy, Dr.
Einstein wrote a personal letter to the President.
Within a few days, the historic Einstein letter was
taken to Washington by a2 New York economist,
Alexander Sachs. The letter immediately was
brought to the attention of the President. Recog-
nizing the critical significance of Einstein's message,
President Roosevelt signed an order appointing the
Director of the National Bureau of Standards, Dr,
Lymzn J. Briggs, as Chairman of the Special Ad-
visory Committee on Uranium. After only one meet-
ing, the Committee was able to report that an atomic
bomb was a definite possibility. By the following
year the entire United States program of uranium
research had been placed under the supervision of
Dr. Vannevar Bush, Director of the Office of Scien-
tific Research and Development,

With Presidential backing for an all-out research
program, contracts were let to a dozen laboratories
for exhaustive studies of every method offering any
hope of success. In September 1942, on recommen-
dation of Dr. Bush, the U, S. Army Engineers’
newly created Manhattan District, under Major Gen-
eral Leslie R. Groves, was assigned the task of ex-

panding the laboratory experiments into huge in-
dustrial projects. Meanwhile, in a secret laboratory
at the University of Chicago, Dr. Fermi and his
assistants achieved the first controlled chain reac-
tion in uranium fission. The path now was cleared
for the practical application of atomic power to the
Nation’s war effort. At Qak Ridge, Tennessee; at
Hanford, Washington; and at Los Alamos, New
Mexico, mammoth plants were built for the produc-
tion of fissionable materials and atomic bombs. These
establishments were staffed by thousands of able
young scientists and technicians. Virtually exiled
from the outside worid, new communities sprang up
almost overnight, as top priority materials and man-
power were made available for the secret project.
Mobilized to carry out the most formidable engineer-

ing job in ths history were thousands of the na-.

tion's industrial firms of every size and 1ype. To
keep the most closely guarded secret of the war, tech-
nicians and, even scientists, were strictly limited to
knowledge of the specific tasks to which they were
assigned,

Finally, after three years and an expenditure of
two billion dollars, the atomic experts tested their
first bomb on 16 July, 1945 at the Alamogordo Army
Air Base in New Mexico.

Section II. THE ATOMIC ENERGY ACT AND ITS IMPLEMENTATION

Public Law 585—79th Congress (The Atomic En-
ergy Act of 1946), an act for the development and
contro! of atomic energy, was enacted for the pur-
pose of producing fissionable material, developing
atomic weapons, and utilizing atomic energy toward
" improving public welfare, increasing the standard of
living, strengthening free competition in private en-
terprise, and promoting world peace. To accomplish
this purpose, the Atomic Energy Commission was
established. The relationship of the AEC to na-
tional Government is indicated in Figure 1.

. All phases of the work on atomic energy, including

procurement of raw materials, processing, bomb and
isotope production, and research on atomic power
plants, are under the control of the Atomic Energy
Commission. While private companies and various
universities are under contract to this commission
for specific research and development projects, the
commission has the exclusive right to own and pro-
duce all fissionable materials and atomic weapons.

The Atomic Energy Commission itself is com-
posed of five members, including a chairman, all ap-

2

pointed by the President and approved by the Sen-
ate. However, it works in conjunction with a num-
ber of committees in order to get the most competent
political, military, and legal advice possible. These
committees include the Joint Committee on Atomic
Energy, the Military Liaison Committee, the Gen-
eral Advisory Committee, and a number of other
advisory committees, The Joint Committee on
Atomic Energy represents Congress and consists of
nine senators and nine representatives. The Military
Lisison Committee consists of Army, Navy, and Air
Force officers, under a civilian chairman, and is the
channel of communication between the Atomic En-
ergy Commission and the services. The General
Advisory Committee is the top scientific advisory
body through which outstanding scientists belp the
commission plan its work. The organization of the
Atomic Energy Commission is shown in figure 2.

The AEC has four main objectives—

To produce fissionable material,

To develop better weapons for the defense of
the country.
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To develop possible peacetime uses of atomic
energy.

To develop such scientific strength in the
country as is necessary to support the
first two objectives.

To attain the first of its objectives the AEC oper-
ates a plant at Hanford to produce plutonium and
@ plant at Oak Ridge to separate uranium 235 from
ursnium 238. To attain the second objective it op-
eenbep the Los Alamos and Sandia Laboratories. As

334 in attaining the remaining objectives, the AEC
Wy operates five principal research laboratories—
Brookhaven, Clinton, Knolls, and Los Ala-

- +Ehe Los Alamos Scientific Laboratory, 35 miles
from Santa Fe, N. M., was set up during World War

I, specifically for the final development and im-
Provement of atomic bombs. It performs additional

duties relative to peacetime operations, such as fun-
damental research in nuclear physics.

The Argonne National Laboratory in Chicago also
grew out of a war laboratory. It is conducted by the
University of Chicago with the cooperation and par-
ticipation of 27 other colleges and universities, Ar-
gonne is the center of the commission’s reactor
(atomic pile) development program and all the re-
search and development connected with it.

The Clinton Laboratory at Oak Ridge, Tennessee
started as a setvice and research laboratory in con-
nection with the first atomic pile. It is the center
for research done for the commission in chemistry,
chemical engineering, physics, metallurgy and biol-
ogy. Biological research has been built up largely
since World War II to the point that Oak Ridge
probably leads the world in this type of research.

Brookhaven Laboratory at Patchogue, Long Ts-
land, N. Y., has a different origin from the cthers.

3

:
7
?




ATOMIC

MILITARY LIAISON COMMITTEE OINT COMMITTEE
GENERAL ADVISORY COMMITTEE ENERGY ON ATOMIC ENERGY
COMMISSION
CONTROLLER a L GENERAL
GENEEAL COUNSEL
MANAGER
DEFUTY
GENERAL
MANAGER
DIRECTOR OF SECRETARY 1O
INTELLIGENCE COMMISSION
i 1 . g | |
DIVISIOn OF DIVISION OF
LEGAL ORGANIZATION PUBLIC AND DIVISION DIVISION
DIVISION AND R OF SECUMITY OF PINANCE
PERSONNEL ERVICE
R
. L | 1 1
I
SIONO.OF DIVISION DIVISION omslo:o or mw'sll::u OF
OEVELOPMENT OF RESEARCH OOUCT HOLOGY MILITARY
DIVISION OF or * on AND MEOICINE APPLICATION
ENGINEERING 1
N - I | 1
SHicAGO TAW NEW TORK SANTA 7€
OAK RIDGE NANFORD
st Quptmas, OPERATIONS OPERATIONS OPERATIONS OpERsrons
OFFICE OFFICE orrICE CFFICE

Figure. 2. Organization of the Atomic Energy Commission.

It was founded during World War II and began
operating shortly thereafter. Brookhaven is oper-
ated by nine universities in the northeastern states
and is a general laboratory for advanced work in the
atomic energy aspects of physics, chemistry, biology,
and medicine.

The Knolls Atomic Power Laboratory, Schenec-
tady, N. Y., founded since World War II, is con-
cerned especially with power and “breeding” applica-
tions. It is operated for the commission by the Re-
search Lahoratory of the General Electric Company.
Scientific groups from various industrial organiza-
tions participate in the research work of the labora-
tory.

Other major research centers aiding the AEC
are—-

Ames Laboratory, Ames, Iowa, operated by
Iowa State College.

Rochester Atomic Energy Project, Rochester,
N. Y., operated by Rochester University.

Waestinghouse Co., Atomic Power Division,
Pittsburgh, Pa., {complete construction is
expected during 1950).

Y-12 Research Laboratory, Oak Ridge, Tenn.,
an electromagnetic separation plant operated
by Carbide and Chemicals Corporation.

Among the various co-umittees working with the
AEC, the Military Liaison Committee is of particu-
lar interest. It was established to serve as liaison
between the Atomic Energy Commission and the
Department of Defense. It is the responsibility of
the Military Liaison Committee to keep the Depart-
ment of Defense informed of any development in
atomic energy that might be useful to it, and to keep
the Atomic Energy Commission informed of the
needs of the military services. The committee ¢con-
suits directly with any individuals or organizations
of the Department of Defense, the Atomic Energy
Commission, and all other departments or agencies
of the Government, to exchange any information on
atomic energy that is of military importance. It sur-
veys, in conjunction with other military organiza-
tions, the over-all requirements of the Nation in the
event of an emergency involving atomic warfare.
The committee does not direct or control other or-
ganizations; it coordinates, surveys, and advises as a
representative of the Secretary of Defense. The
position of the Military Liaison Committee within the
Department of Defense is illustrated in figure 1.

The Armed Forces Special Weapons Project was
established to utilize, for the military, the informa-
tion received from the AEC through the Military
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nittee,. AFSWP has the responsibility
service functions of the Manhattan

ne=-—

,Lraining of special personnel.
- ;;__; participation in the development

y ation with the Commission).
B YTechnical training of bomb commanders
ENNL Weaponeers.
oping and effecting joint radiolog-
saiety measures in coordination with
lished agencies.
hes assistance to the commandants
ols, through appropriate channels, in

preparing courses and training instructions, and col-
laborates in the preparation of atomic energy in-
structional material within the Army, the Navy, and
the Air Force. It also furnishes material to re-
sponsible governmental agencies to assist in the edu-
cation of the public on the military uses of atomic
weapons, particularly, in connection with civil de-
fense measures, Figure 3 shows the organization of
AFSWP.

Within the Departiment of the Army, the Assistant

Chief of Staff, G-3, Operations; General Steff; and

the Assistant Chief of Staff, G-4, Logistics, General
Staff have sections cognizant of radiological defense.
The Department of the Army plan for radiological
defense is included as appendix V.
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CHAPTER 2
ELEMENTARY ATOMIC AND NUCLEAR PHYSICS ﬂig |
Section 1. ELEMENTARY ATOMIC STRUCTURE A

About 400 B.C, a Greek philosopher named
Democritus decided that all matter consisted of atoms.
He reasoned that if you kept cutting a piece of matter
in half, eventually you would come to a small indi-
visible particte that could never be made any smaller.
This theory existed without significant change until
John Dalton, an English chemist, expanded it and
proved the existence of atoms in 1807, Dalton
thought of atoms as small solid particles which were
identical with all other atoms of the same element,
but differed from the atoms of any other element. In
1911, Sir Emest Rutherford put forward the theory
that the atom consisted of an “impenetrable” nucleus
surrounded by clectrons. Professor Niels Bohr
made the first real model of the hydrogen atom in
1913,

Bohr's model of the hydrogen atom shows a minia-
ture solar system with a heavy aucleus or “sun” and
one electron circling around it in an orbit {figure 4).
The nucleus is very small, about one millionth of a
millionth of an inch, and contains nearly ail the
mass or weight of the atom. The electron circles
around the nucieus to make a circle, or ellipse, with

HYDROGEN

LITHIUM Ui’

a diameter of one hundredth of a millionth of an
inch or 10,000 times the diameter of the nucleus.
The electron weighs 1/1840th as much as the nu- %
clens. The nucleus of the hydrogen (H) atom
is called a proton and has one unit positive electric
charge, while the outer electron has one unit nega-
tive electric charge. These charges exactly balance
each other and the atom is neutral.

The next heavier element, helium (He), proved
to have two electrons in its orbit and two protons
in the nucleus. The two protons balance the elec-
tric charge of the two electrons and the atom is neu-
tral. However, this atom weighs four times as ton or is
much as the hydrogen atom. Scientists could not
explain this by saying there are four protons in the
helium nucleus as this would not result in a neutral
atom, so they locked for and found an electrically
neutral particle, the neutron, with the same mass
as a proton. Thus the helium nucleus consists of
two protons, and two neutral particles, or neutrons
(figure 5). The weight or mass of the helium nu-
cleus (or atom as we neglect the small weight of
the electrons) is four times the weight of one pro-

A\

N

HELIUM ;Hc!

CARBON (C*

Figure 4. Graphical representation of structure of atoms.
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, of is equal to four mass units. Protons and
lrons also are called tucleons, which means
s from the nucleus.
this manner, atoms increase in size and com-
@y through carbon with 6 protons in the nucleus,
W with 8, iron with 26, uranium with 92, to
JRW clement reported to have S7 protons. We
e number of protons in the nucleus the
B number or Z number. The number of pro-
Sietermines to which element the atom belongs,
Epny atom with 6 protons is an atom of car-
with 26 is always iron, etc. The weight
of an atom is equal to the total number
ons and protons in the nucleus as each
0} or proton weighs 1 m.u. (mass unit). This
Mitber is called the mass or A number. For an
element X, the A and Z numbers are writ-
] :. sX4, Thus hydrogen is written as
ifying 1 proton in the necleus for Z equal
1 particle in the nucleus for A equal to 1;
is JHe' for 2 protons and 4 total particles
Heor ); oxygen, LO* for 8 protons and 16
L8 ete.
parizing the statements of the chapter so far,
% (except JH') consist of protons and neu-
e nucleus, with electrons circling around
3 in orbits, There are the same number
18 as protons and the atam is electrically

two further concepts of atomic struc-
will be of assistance in understanding
Hons—ions and isotopes. An ion is an
charged atom. Imagine something hap-
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Figure 5. Graphical represemtation of the nuclei of atoms.
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pening near 8 helium atom that knocks one electron
completely out of the picture. The remaining
“atom” has 2 protons or plus charges, and only 1
electron or negative charge. Therefore, the net
tharge on the ion is plus one.

An isotope is one of two or more forms of an
element having the same atomic number (nuclear
charge) and hence occupying the same position in
the periodic table. All isotopes are identical in
chemical behavior, but are distinguishable by small
differences in atomic weight.

Normal helium JHe* and has 2 protons and 2
neutrons in its nucleus with an A number of four.
Recall that the number of protons in the nucleus de-
termines the element to which the atom belongs, An
atom with two protons, one neutron and twg elec-
trons would stifl be helium, but its A number would
be three. This atom exists and is called an isctope
of helium, ,He'. Normal uranium is & mixture of
three isotopes, «U™ (99.3%), «U™ (0.7%} and
wU™ (0005%). One of the bomb materials nsed
is wU™ the isotope with 92 protons and 143 neutrons
in its nucleus and thus baving a nucleon number of
235. Uranium also has iSOtOpﬁ U™, U™, JU™,
-'U“, »l™, « U™, U™, and -U'., with 136, 137, ’
138, 139, 140, 141, 145, and 147 neutrons, respec-
tively, none of which occur naturally, but all of which
have been produced artificially.

Mendeleev, a8 Russian scientist, arranged the
known elements by weight in the 1860’s. He noted
similarities in certain elements which seemed to re-
peat themselves at regular intervals or periods in
the table. From these data he assembied his Pe-
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riodic Table (figure 6). This table which i» of
great value to chemists has been used to predict the
existence and characteristics of unknown elements,
and provides a handy table of the elements for
everyday use. Note that the atomic number is the
Z number, but that the mass number shown below
the symbol of the element is a proportional aver-
age of the isotopes existing in nature. As an ex-
ample, if an element existed in nature with 75 per
cent of its atoms of mass 4 and 25 per cent ions
of mass 3, Mendeleev would show a mass of 3.75
as an average or apparent weight.

It is of interest to note that ordinary reactions,
including conventional explosives such as TNT, in-

Section II. NUCLEAR PHYSICS

Henri Becquerel, a French physicist, first ob-
served natural radioactivity in 1896 while experi-
menting with a sample of uranyl sulfate. He noted
that 2 metallic disk placed between a sheet a pho-
tographic film and a sample of the uranium salt was,
in effect, “photographed” on the film, despite the
fact that both the film and the uranium salt were
enclosed in heavy black paper. This could be ex-
plained only by the existence of some penetrating
radiation in the urany! sulfate, and further experi-
ment soon indicated that the radiation came from the
uranium component of the salt.

Further study by Becquerel, Joliot and Curie, and
others soon showed that there were three distinctly
different types of radiation emanating from natu-
rally radicactive elements such as uranium, radinm,
and protactinium. When studied in an electric field,
as shown in figure 7, one type of radiation was de-
flected toward the positive pole, This radiation was
named beta radiation (6), or beta particles, and
eventually was identified as high-speed electrons.
As the strength of the electric field was increased,
a lesser deflection of one of the radiations toward
the negative pole was noted. This radiation was
named alpha radiation (a), or alpha particles. In-
asmuch as the alpha radiation was deflected less than
the beta, it was assumed to be a heavier particle than
the beta. This was confirmed later when the alpha
was identified as the nucleus of the helium atom,
sHe'. In other words, an alpha particle is a tightly
bound group of two neutrons and two protons, with
2 mass of 4002764 physical mass units and a net
electrostatic charge of +2. The alpha particle is
known to be a very compact and stable entity which

8

volve only the orbital electrons and do not &
the nucleus of the atom whatsoever. Nuclear
tions, on the other hand, involve changes in
protons and neutrons in the nucleus of the
A spontaneous atomic disintegration is caused
which a relatively great amount of energy is lib
ated; and the process is accompanied by the emi
sion of one or more types of radiation, such
alpha, beta, or gamma rays. Elements which emit
one or more of these types of radiation spontaney
ously are called naturally radioactive elements.™
Since 1919 man has learned to produce them arti-

ficially, and these are called artificial radioisotopes. & §

does not itself disintegrate into transmutation reac-
tions.

The third type of radiation, designated as gamma
rays (y), was found to be unaffected by the pres-
ence of an electric field, and was observed to be
the most penetrating radiation of the three. Further
study showed that gamma rays, unlike alpha and *
beta radiations, were not particles, but were electro- %

§

N
e

A
¥

magnetic waves of higher frequency than X-rays,
Gamma radiations are emitted in homogeneous pack-
ets of energy known as photons, or quanta, and are
electrically neutral.

Radicactive substances emit one or more of the
above types of radiation by a process known as ra-
dioactive decay. In the case of gamma radiation
only, no change in the number of protons or neu-
trons is involved. An atom which is in an excited
state of vibrations may emit & gamma photon and
drop to a lower energy level but, chemically, it re-
mains the same atom. Using a shorthand system
of designating atomic Z numbers at the lower leit,
and nucleon A numbers at the upper right, the fol-
lowing example of gamma photon emission may be
cited :

«Np™ - «Np™ 4 v
stable atom
excited atom at a
high energy level

In the case of the other two types of radiation,
however, a new chemical element is produced.
When an alpha particle is emitted from a radio-
active nucleus, 2 new atom is formed whose Z num-
ber is two less than that of the original and whose
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Figure 7. Separation of the pmanations from a rodium source by an electric field.

A number is four less than that of the original. For
example :
wPa™ e wAc™ -+ oHe'

Note that the sum of the A numbers on the right
side of the equation {227 -+ 4) must equal the A
number on the left side of the equation (231). Sim-
ilarly, the sum of the Z stumbers on the right side of
the equation (89 4 2) must equal the Z number
“on the left side of the equation (91).

In the case of beta emission, there is no change
in the A number (the rest mass of an electron is only
about 1/1840th that of a nucleon), but the ejection
of a beta particle from the nucleus will increase the
nuclear charge by one unit positive charge, resulting
in a Z number one greater than that of the original.

For example:
»Au™ —_— qui. + -
radicactive stable

It again is evident that the Z and A numbers on
both sides of the equation balance.

It has been shown that naturally radioactive ele-
ments decay by the emission of alpha, beta, and
gamma radiations. All of the radioactive elements
known in the three radicactive series {uranium-ra-
dium series, thorium series, and actinium series)
decay to some stable isotope of lead.

The decay of U™ may be taken as an example,

It is an alpha emitter and will decay to »Th™, which

is zlso radioactive and will decay to «Pa™ by beta
emigsion. This isotope is a beta emitter and decays

10

in turn to »U™, which also emits an alpha particle
and becomes wTh™. The stable product reached by
tracing out the rest of the decay process will be the
iSOtOPC «Pb™.

Early in the study of nuclear radiations it was dis-
covered that the activity of a radicactive element
decreased with time, and the time rate of decrease
is measured in terms of the half-life (T) of the ra-
dioactive material. As the name implies, the half-
life is the' period of time required for the activity
of an element to be reduced by 50 per cent. The
half-life of any radioisotope can be determined only
from a statistical study, that is, from a study of
many billions of atoms; the half-lives of the different
radicactive elements vary from a fraction of a second
to many millions of years, For example, the isctope
»Cs™ has a half-life of 33 minutes. Thus, if 2 large
number of these atoms could be observed, it would
be seen that one-half the initial number decay in 33
minutes, one-half the remaining number decay in
the next 33 minutes, and so en. The following
table illustrates how the activity of a radicactive ele-
ment decreases with each half-life period:

Time in half-lives Relative activity
" (T} (Pereens)
o] 100
T 50

2T 25
3T 12.5
4T 625

The production of an atomic, or nuclear, bomb is
based on the fission of certain materizls, After the
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and also observed many radioactive products (most
of which were beta emitters). Reasoning as Fermi
did, they assumed that they had produced elements
beyond uranium in the periodic table.

In 1939, repeating their experiment, Hahn and
Strassmann identified a barium isotope as a product
of the uranium-neutron bombardment. The barium
isotope was itself radioactive, emitting a beta particle
to form radioactive lanthanum :

'Bam —_— -1.3‘. +‘ £

Inasmuch as the lanthanum isotope also is a beta
emitter, further decay to a stable isotope was to be
expected : .

wLa™ ——— wCe™ .8

Basing their announcement on the results of these
experiments, Hahn and Strassmann cautiously pro-
posed a theory of nuclear fission; that is, the
“splitting” of a heavy nucleus, such as U™, into two
or more nuclei of lighter elements. This informa-
tion was communicated to Professor Niels Bohr, of
the University of Copenhagen, at that time visiting
the United States, and the German physicists’ experi-
ment was reproduced quickly at Columbia University,
the University of California, Johns Hopkins Univer-
sity, and other places. Confirmation of fission was
complete and physicists the world over instantly saw
the possibility of a nuclear bomb.

In the study of nuclear fission it is important to
understand exactly how fission takes place and by
what mechanism a nucleus is transformed into two or
more nuclei of lesser weight. Niels Bohr proposed
an explanation based on elongation of the nucleus. It
is to be remembered that the nucleus contains a defi-
nite number of protons and neutrons. Were there no
neutrons in the nucleus, the nucleus would blow itself
apart instantly, due to the coulomb forces of repul-
sion between the like-charged protons. Thus, the

duceﬁsuou.thueshortrmge.wundypowuﬁd
nuclesr forces muist be counterbalanced. Bohr's -

theory is that this is accomplished by elangation of .
the nucleus beyond the very short range in which

these nuclear forces exist. The bombarding particle, .

in this case a neutron, enters the nucleus fairly easily
(it is not repelled by the coulomb forces, us & proton,
deuteron, or alpha particle would be) and instantly
upsets the ration of neutrons to protons. in that
nucleus, This tends to promote a stretching or
elongation of the nucleus as illustrated in figure 8.
As this elongation begins, the protons repel each
other and tend to congregate at the exterior of the
nucleus, leaving the neutrons in the interior. As the

distances increase due to the elongation of the nucleus, -

the nuclear forces are no longer so significant, but the
coulomb forces of electrostatic repulsion are stil} quite
strong. When the critical point is reached, the
nucleus actually ruptures or splits, usually into two
major fragments, sometimes into three, very rarely
into four. In addition, surplus neutrons often are
emitted. It is of great interest to note that the entire
¢longation-fission process takes place in a period of
time usually measured in fractions of a microsecond.

The possibilities in fission of U™ are many. Asa
matter of fact, over 200 isotopes have been identified
as fission products from the fission of U™, some of
them so unstable that their half-lives ate of the order
of magnitude of only a few microseconds (1 micro-

seconds — of a second). To visualize

1,000,000
the fission process, one may assume that a neutron
entering the U™ nucleus forms, for an extremely
short time, unstable U™, which then splits, according
to the Bohr mechanism described above. Some of
the possibilities of products are—

wU™ 4 o' — LBa™ 4 JKr* 4 2n' 4- AQ
uU‘""ﬂ'l"-"—"-Y"'i-nI‘- +3¢n‘+AQ
«U™ + on' —— LPd™ 4 P4 4 20" 4 AQ
WwU™ 4 ' —s Xe™ 4 &S 4 30" 4 AQ
Most of the fission products are themselves radio-
active, with very short half-lives. By use of a table
of isotopes, one may determine the final, stable end-
products.

In each of the fission equations above, & net amount

of energy, AQ, is released, By virtue of the Einstein

relationship, it is known that matter may be con-

11



Figure 8. The fissioning of Uranium 235,

verted into energy (and vice versa). The magnitude
of the conversion is indicated by the Einstein equa-
tion, E = mc", where E is energy, m is mass, and
c is the velocity of light. If 1 gram of material is
completely converted into energy, that quantity of
energy is 9x10™ ergs. If it is assumed that this
amount of energy were released in less than one one-
millionth of a second {as in an atomic explosion),
the power developed is of the order of magnitude of
a hundred thousand million million horsepower!
Careful measurements and caleulations show that, in
any fission, the total mass of the products is less than
the total mass of the reactants (that is, the U™
nucleus and the bombarding neutron). This loss of
mass can only be manifested by the release of an
equivalent amount of energy. Experiment and calcu-
lation have shown that, while the amount of energy
released will vary (depending on the products formed,
the number of neutrons emitted, and so on), the
average figure, per nucleus of U™ fissioned, is of the
order of magnitude of 200 Mev (million electron
volts}. In comparison, the explosion of one molecule
of TNT releases less than 25 ev (electron volts).

In the fission process free neutroms also are re-
leased, the number varying between one and four.
The number is largely a matter of statistical proba-
bility but again, on the average, will be more than
two neutrons per nucleus fissioned. This release of
surplus neutrons makes it possible to build up a
chain reaction wherein neutrons released m the fission
of one nucleus go on to cause fission n other nuclei
which, in turn, emit neutrons, In an atomic bomb

12

burst this chain reaction, involving many billions of
nuclei, takes place in a few microsaconds, until the
explosion blows the bomb material apart.

Each nucleus of U™ figsioned furnishes about 200
Mev of energy. However, fission does not take place
spontaneously ; a certain minimum amount of energy
(approximately 5 Mev in the case of U™) must be
added before fissioning starts. This energy needed
to overcome the so-called fission barrier is known as
the activation energy or excitation energy. Since a
very low energy (thermal) neutron will contribute
about 7 Mev to a U™ nucleus, it is obvicus that such
a neutron can cause fission of the U™ nucleus.
Activation energy may be compared to the extra push
needed to move a large boulder from a 1-foot de-
pression at the top of 2 high hill and cause it to roli
down the slope. Inm its high position the boulder
possesses potential energy, but before this energy
can be realized as energy of motion (kinetic energy),
additional potential energy must be imparted to it
to clear the top of the hill. This analogy (fig. 9)
corresponds to the large amount {200 mev) of
energy which will be released in the fission of a U™
nucleus, once the fission barrier (about 5 Mev) is
cleared.

It has been stated that the energy released in
nuclear reactions is the conversion of some of the
mass into energy according to Einstein’s mass-energy
equation, E = mc", 'When the individual masses of
the neutrons and protons that make up a nucleus are
added together, their total is greater than the mass of
the nucleus 85 a unit. This difference in mass is
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Figure 9. Mechanical analogy of wuclear fission.

characteristic of every nucleus containing more than
one nucleon. The mass defect, when multiplied by
931 Mev/m.u. and divided by the A number, gives
the BE/A (binding energy per nuclear particle).

If we plot on a graph the mass numbers of the
elements against the BE/A for each element, we get
a mass vs. stability carve (figure 10). This curve re-
veals that the most stable isotopes (those whose
BE/A is the greatest) occur in the vicinity of mass
number 60. Elements whose A numbers are smaller
or greater, have a smalier BE/A value and therefore,
are theoretically less stable. Elements whose nucleon
numbers are greater than 60 (for example, uranium}),
have less BE/A than elements of nucleon number
around 60 (near nickel or zinc in the periodic table},
30 it is energetically possible for them to undergo
fission, since they will be going from a higher energy
level (where they are less stable) to a lower energy
level (where they are more stable). As an example,
in the fission of U™ into two symmetrical palladium
fragments (a rare occurrence in fission products), we
may examine the energy relationship—

U™ 4 - i — ~Pd -+ wPd¥ 4 AQ
highly
unstable
BE/A of «U™ =— approximately 7.5 Mev
{calculated by formula)
‘BE/A of «Pd"™ = approximately 8.5 Mev

Since two nuclei of Pd™ are formed for each nucleus
of U™ fissioned, the net change in binding energy is—
118 % 8.5 - 118 X 8.5 — 236 x 7.5 = 236 Mev

This is in good agreement with the average figure of
200 Mev of energy per nucleus fissioned,

For elements below mass number 60 in the periodic
table, the release of energy through fission is not pos-
sible, since such elements would be going from e
lower energy level to a higher energy level. This is
a possible phenomenon only by the addition of energy.
Elements below this point can release energy only by
fusion—that is, the coalescing of two atoms. For
example, two atoms of heavy hydrogen, or deuterium,
may fuse into a helium atom, a very stable configura-
tion:

H o H' —— JHe' 4+ AQ
For this reaction the mass defect is:
2 mass of JH'—mass of He' = 2:2.014708—4,00390 m. u
= 4.029416—4.00390 m. u.
= (025516 m. u.

The energy released is approximately 24 Mev
(0025516 m.u. X 931 Mev/m.u.). This is con-
siderably less than the 200 Mev released per nucleus
of U™ but 24 Mev per 4 nucleons for He' is a much
larger figure than 200 Mev per 236 nucleons for U™.
Gram for gram, much more energy will be available
from the fusion of hydrogen than from the fission of
uranium, provided all nuclei fuse or fission in the
processes. The mass vs. stability curve shows that
the drop from H* to He' is much steeper than the
drop from U™ to such elements as Ba, Kr*, I,
Y™, and Pd™. ‘

Thus, it will be seen that where heavier clements
tend to g0 to a more stable state by undergoing fis-
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Figure 10. Nuclear stability of the elements.

sion, lighter elements tend to fuse into more stable
nuclei. Energy is released in both cases since there
is a loss of mass in each reaction. In the light ele-
ments, the attractive or nuclear forces are greater
than the coulomb forces of repulsion. When these
two forces are exactly halanced, the nucleus is ex-
tremely stable since there is no tendency to break into
smaller parts due to repulsion, and there is no tend-
ency to fuse together into larger parts due to “sur-
face-tension” type of attraction. These dual condi-
tions occur.in the vicinity of Fe® or Ni* on the mass
vs, stability curve. Theoretically, all nuclei eventu-
ally should stabilize themselves by forming an Fe or
Ni (or possibly Zn) isotope. There are very good
physical reasons why this does not actually take place
at a measurable rate in nature. This stabilization
would take place through fission or fusion, whichever
is appropriate. The farther “up” an element is from
Fe or Ni in the periodic table, the more unstable it
is, and the more energy can be liberated by its fission.

14

For example, 1 pound of Pu™ in which oll nuclei g:
fission will liberate more energy than 1 pound of ¥

U™ in which all nuclei fission.

Fission of various isotopes may be induced by par- i
ticles other than neutrons. Protons, deuterons, and ¥§
alpha particles may be used (aithough with much -

greater difficulty, because of the coulomb forces of

repulsion on positively charged particles), and even

cases of photon-fission are known, wherein fission is
induced by a gamma photon. From the military

point of view, however only three isotopes may pres-

ently be classified as fissionable materials: U™, U™,

and Pu™. The cross section of the nuclei of these’

materials is such that the materials will undergo fis-
sion by meutrons and hence may be used in atomic

explosives. Different materials will yield different §

fission products, but virtually all fission products

identified to date lie between the extreme of Zn™ and ¥

Gd™.
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E" sive stability of an isotope is fts n/p (nentron-proton)

. With few exceptions, elements whose n/p
ratio is considerably higher than about 1.3 are un-
stable. U™ has 143 neutrons and 92 protons and an
g/p ratio of 143/92 or 1.55. Assuming that the end-
ucts of a fission reaction are Br” and La** (plus
extra neutrons), it can be shown that the n/p ratio
is related to stability. Bromine bas only two stable
jsotppes, those of mass numbers 79 and 81, whose
n/p ratios are 1.26 and 1.3], respectively. But Br”
is a known fission product—it bas been identified.
Tt has, therefore, six excess neutrons and it is there-
fore radioactive (that is, unstable).. It will reach
stability by beta emission which will tend to reduce
the n/p ratio. The following is the decay process
of Br":
uBr" ~—— WK1 —— Rb" —— o5
emits B emits 8 emits g

stable

It will be noted that beta emission tends to reduce
the n/p ratio in a double manner, for it increases
the denominator (protons) by one and simultane-
ously decreases the numerator (neutrons) by one.
Beta emission is physically explained by the hypothe-
sis that is a neutron is converted into a proton and
a beta particle and the latter is then emitted,

Most fission products are radioactive but, occasion-
ally, a stable isotope is formed directly from the fis-
sion reaction. An example is—

a4 WU — Xe™ 4 W57 4 3t 4 AQ

In this case, the xenon isotope, despite its high n/p
ratio of 1.52, is stable. (It is one of the exceptions
referred to above,) The strontium isotope, however,
with an n/p ratio of 1.55, is unstable and will decay
to a stable isotope as follows:

S —— YT —— I —— NI —— Mo"
emits B emits 8 emits 8 emits §
stable

The molybdenum isotope, with an n/p ratio of 1.31,
is stable. If it possessed excess energy after fission,
the Xe™ would reach stability by emission of one or
more gamma photons with no change in either A or Z
number,

As stated previously, the total energy released in
the fission of one nucleus of fissionable material will

i

nrymrdingmmeraﬁod&nwdthe pro
uct nuclei, but the average energy released is of .
the order of magnitude of 200 Mev, This quantity
of energy, imparted largely &s kinetic energy, will be

distributed approximately as follows
Fission product nuclei 160 Mev
Prompt neutrons 5 Mev
Prompt gamma photons 5 Mev
Radicactive decay series 20 Mev
Absorbed neutrons 10 Mev
Total 200 Mev

The “prompt” neutrons are emitted within 10™ sec-
ond after fission and should be distinguished from the
“delayed” neutrons, which generally are emitted
within 0.2 second after fission (although a very few
may be delayed up to one minute). Delayed neutrons
make up about 0.6 percent of the total number of
neutrons emitted in a chain reaction, and of this
number only about 1/30 are emitted later than 0.2
second after fission. For practical purposes only the
99.4 percent emitted within 10" second after fis-
sion are considered.

With regard to the fission yield, it is not possible
to predict what fission products will occur from a
given fission reaction. Even if conditions are iden-
tical, successive fissions will not necessarily (or even
probably) give the same fission products. Fission
yield is best discussed from the statistical point of
view. After observing the fission products formed
from a great number of fissions, one may plot on
semilog paper the nucleon numbers of the products
formed against the fission yield in percentage of each
isotope formed, where fission yield is the percentage
for fission isotope formed of the total number of atoms
fissioned {fig. 11). The resulting curve for slow
neutron-induced fission shows that the average mass
values for the fission fragments are about 95 and 139,
The probability for fragments of these nucleon num-
bers, from the curve, is about 1,000 times as likely as
the probability that the nucleus fissioned will split
into two symmetrical fragments,

Thus it can be seen that nuclear fission weapons
provide for the rapid release of large amounts of
energy, accompanied by the emission of great amounts
of electromagnetic radiations, and particles such as
alphas, betas, and neutrons.
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Figure 11.  Probable distribution of fission products from U™,

Section III. THE NUCLEAR REACTOR

The operation of a nuclear reactor or atomic pile,
as it is commonly called, depends on the fact that a
chain reaction is possible in the fission process with
the release of large quantities of energy. If this
chain reaction takes place in a certain amount of
fissionable material within the short space of a few
microseconds, a tremendous amount of energy is re-
leased and there will be an atomic explosion. On
the other hand, if the reaction can be controlled to
take place over a reasonable length of time, there will
be 2 source of controllable energy. A nuclear reactor,
then, is essentially a chain reacting system in which
the energy from the fission of uranium or plutonium
is released at a controlled and predetermined rate.

The fundamental fissioning process has been de-
scribed in section II of this chapter. The fissionable
material is, in effect, the fuel from which energy is
derived and, as it is fissioned, it is used up and must
be replenished from time to time. At the same time
that fissionable material is being used up, many
fission products are produced. These fission products
are highly radioactive and considerable protection in
the form of large concrete shielding must be provided
to protect personnel. There also will be great neutron
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flux throughout the pile. It is this dense neutron
flux which is used to make stable isotopes artificially
radicactive. Hence, the atomic pile is a potential ,

manufacturer of large quantities of radioactive iso-

topes by neutron irradiation as well as by the fission
process.

e . £ sgal s Ao
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NUCLEON NUMBER (A) 4]

Most of the energy released in the fission process )

appears in the form of kinetic energy of the fission -
fragments, It is this kinetic energy which, converted-
to heat, makes the atomic reactor a source of power.
In place of reaction time measured in microseconds
and temperatures measured in millions of degrees,

the power plant designer is interested in more nearly -

steady power conditions and temperatures no higher
than normally are encountered in chemical reactions.
This establishes the essential difference between the
use of nuclear fission for the purposes of atomic bombs"
on the one hand and for the supply of energy on the

other. It is again emphasized that the nuclear reactor -

is a source of heat energy developed by converting’
mass into energy. It is not a perpetual motion ma:
chine. Fuel is used up and must be replenished. In -
this case, the fuel is a fissionable material, either
uranium or plutonium, )
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of one or more Mev, Inducing a large enough
traction of these neutrons to fission U™ to maintain
the supply of neutrons (instead of being used up in
converting U™ to plutomium) requires that some
means be provided to reduce the high energy neutrons
to low (thermal) neutrons before they can react
with any uragium atoms. This is accomplished by
placing a suitable material in the path of the neutrons
in which they dissipate their energy while removed
from the presence of utanium, by colliding with the
material until they finally become low energy neu-
trons. The material used to dissipate the energy of
the neutrons is called the moderator. The fastest
means by which neutrons lose their energy is by
collision with particles having about the same mass as
the neutrons themselves. The moderating material
therefore should be of approximately the same atomic
mass as the neutron and hence would be confined to
the very light atomic substances, Actually, there are
a few materials that meet all the requirements for a
usable moderator. Water, deuterium found in heavy
water, and graphite are most commonly used as

moderators.

Another important feature of any nuclear reactor
pile is the control of its energy level. This control is
accomplished by inserting into the active lattice work
some material which will capture the neutrons and
hence prevent them from producing further fission.
Any material which has a large probability for the
capture of neutrons is suitable. Two elements, boron
and cadmium, have the desired characteristics to act
as controls. These materials are made in the form
of rods and arranged so that they can be moved in or
out of the lattice work. Inserting these rods deeper
into the lattice work reduces the neutron flux by
capture and hence lowers the operating energy. Re-
moving the rods increases the production of fission-
ing and hence the heat energy.

Since the energy released in a pile is the result
of fission, the amount of energy released at the
operating power level of the pile depends upon the
number of fission processes occurring throughout the
pile in a unit of time. This depends upon the neutron
density. The operating level of a pile thus can be
established by controliing the neutron density by the
use of control rods.

Figure 12 shows a cut-away section of a basic
nuclear reactor, The center consists of a lattice work

in whichfs -imbedded the fuel- rods, sarrounded:

large quantities of the moderating material, Inter. -
spersed within the lattice work are the control rods™ -

-which coatrol the rate at which the pile operates.
Provision must be made for some type of coolant,
usually water, to circulate through the pile and remove
the large amount of heat energy generated. Sur
rounding the lattice work usually included is a re-
flector which serves to reflect the grest neutron flux
‘back into the pile. Finally, around the entire pile is

constructed a thick shield of concrete. '

Approximately 80 percent of the energy of fission
is released as kinetic energy of the fiasion fragment.
This kinetic energy, in turn, is converted to heat as
these recoiling fission fragments are stopped within
the pile. The function of the coolant is to carry off
this heat. In the case of a power reaction the heat
is carried to a heat exchanger to be made availible for
1se 28 power,

The design of reactors depends upon their use.
They may be operated at a high energy level or a low
energy level. They may be for pure research or for
the development of useful power. They may be de-
signed to produce plutonium or large supplies of
radioactive isotopes for research and other uses. Re-
actors may be classified in a number of ways—on the
basis of the energy of a neutron flux within the pile,
on the type of moderator used, on the type of coolant,
and on the pattern of the lattice structure within the
pile.

Inasmuch as there is a great development of radi-
ation from the pile, much attention must be paid to the
protection of personne! working around the reactor.
This protection usually is provided by large thick-
nesses of concrete.

The size of the pile itself may vary from a rela-
tively small sphere about one foot in diameter up to
the size of a building, depending somewhat upon its
shape, the type of fissionable material used, the purity
of the fissionable material, and the operating energy
level of the pile. The use of a reflector helps to re-
duce the size of a pile as far as the active material is
concerned. The geometrical shape of the pile gen-
erally is some simple form in which the three prin-
cipal dimensions are approximately equal. It may be
in the form of a sphere, a cube, a rectangular cylinder,
or even a prism. The active section of the pile may be
a homogeneous mixture of its components, or these
may be arranged in a heterogeneous pattern, in

17
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Figure 12. A basic nuclear reacior.

which the components are placed geometrically in a
lattice network (fig. 13). Considerable research and
design engineering presently are being carried out to
determine the most efficient manner of building these
sources of nuclear energy. Five non-production
atomic piles are in operation in the United States to-
day with a sixth soon to be in operation. These
atomic piles are Jisted in table 1.

Other factors affecting the size of the pile are the
kind of fissionable material or nuclear fuel and the
form and availability of the fuel. While many dif-

18

ferent materials can be fissioned under the proper
conditions, there are at present, only three practical
nuclear fuels, only one of which occurs in nature.
These three fuels are U™, U™ and Pu™, ,

The first of these, U™, is an isotope occurring in
natural uranium in the proportion of one part in 140
Chemically, it is impossible to separate this from
natural uranium, so it must be separated by mechan-"
ical or physical processes. These means of separa-.
tion are extremely expensive. U™ has been separated
by gaseous diffusion through porous barriers, by,

3
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liquid thermal diffusion, by centrifuging, and by elee-
tromagnetic separation. However, these processes
cither give almost complete separation in one stage
or two stages with a very low yield, or else a very
good yield but with very poor separation per stage.

Fortunately, however, it has been discovered that
plutontum 239, a man-made element, is fissionable;
and «Pu™ can be made from the more abundant
uranium 238 by neutrons, capture reaction producing
an isotope 239 which emits a beta particle. It decays
to neptunium, uNp™. This radioisotope is also beta-
active, turning into isotope plutonium, «Pu™, which
is relatively stable. Since plutonium 239 is entirely
different chemically from uranium, it can be separated
from the uranium by chemical means. Plutonium
239 is one of the materials now used for bomb con-
struction.

The Armed Forces, through their research and
development components, are actively engaged in de-
veloping the application of atomic energy for the
propulsion of its ships, planes, and submarines.

One of the great problems to be solved in using
a nuclear reactor pile for the propulsion of aircraft

will be 15 Ko suitable shielding may

weight of the parwer plant within tolerable fimits.

Resumé of dasic scientific facts upon which o chain
reactor pile depends for its operation—

Fission of certain atomic nuclei releases large
amounts of energy, roughly 410* B. t. u.
per pound,

The fission reaction may be made a self-sus-
taining or chain reaction if certain very
exacting conditions are satisfied.

The rate of reaction may be varied over a wide
range from that of explosive rate of speed
to the steady low rate for research pur-
poses.

Nearly all the energy appears as heat with only
a small part as energy associated with more
or less delayed radioactivity.

Fission is accompanied by intense radiation of
lethal character. '

The isotope of uranium with an atomic weight
of 235 is the only fissionable isotope that
occurs in nature; U™ and Pu™ are fiasion-
able isotopes that may be made in reactors
under proper conditions, by transmutation
from thorium or from natural U™,




CHAPTER 38
ATOMIC WEAPONS EFFECTS

W

The major difference between an atomic explosion
and an HE explosion is the governing principle un-
derlying gach type. In the conventional explosive,
such as TNT, the reaction is chemical, in which
there is a rearrangement of atoms resulting in the
explosive changing form from a solid to a gas.
There also is a release of energy in the form of
heat. In an atomic explosion the atoms themselves
are broken down, the constituent particles being re-
arranged to form atoms of new elements. This re-
action also is accompanied by the release of energy,
and on a much larger scale.

Section II. DESCRIPTION OF NUCLEAR EXPLOSION

The explosion of an atomic bomb is a nearly in-
stantaneous release of a tremendous amount of energy.
This energy is initially in the form of nuclear radia-
tion and the kinetic energy of the fission products.
This kinetic energy is quickly transformed into heat
and the blast energy of the shock wave. About 90
percent of the total energy of the bomb is released
within the first second, the remainder is released
during the delayed beta and gamma emission of the
fission products. Thus, there are three main effects
of the atomic explosion—heat, blast, and ionizing ra-
diation. Each of these effects will be discussed sep-
arately, using as a basis the so-called “hominal
atomic bomb” with the energy release equivalent of
20,000 tons of TNT.

As the bomb explodes, a ball of fire is formed which
expands rapidly to a diameter of about 300 yards.
The initial temperature at the center of this fireball
is in the vicinity of a million degrees C. As it ex-
pands, the temperature drops, and at the maximum
size the temperature on the surface is about 7,000°C.
This extremely hot fireball is the source of the radiant
heat which is a serious hazard to personnel caught
in the open. One of the trademarks of the atomic
bomb is the brilliant flash which accompanies the
explosion. This flash, when seen from a point nearly
two miles distant, is estimated to be a hundred times
brighter than the sun. This bright light can cause
damage to the visual purple of the eye, resulting in
temporary blindness, lasting from a few minutes to

22

Section L. COMPARISON OF ATOMIC AND HE BOMBS

The effects of both types of weapons is simi
in that heat and blast are produced ; the atomic bomigy
of course, produces a great deal more than the larg3
est TNT blockbuster. The bombs dropped oveg
Japan were estimated to have the explosive effect 4
20,000 tons of TNT, a considerable amount. Thed}
is one effect of the atomic bomb not found in ti
conventional weapon, nuclear radiation. As this typé3
of radiation is ionizing, and therefore can be harmful N
to living organism, it causes an additional hazard:a¥
to personnel. The precise effect of ionizing radia™
tion will be discussed later in this chapter, as wellg
as in the chapter on medical effects. P

several hours. There is no evidence that any permai®
nent injury may be caused. It should not be ignored
however, for to be blinded, even for a few minutes)
after an atomic explosion could be serious; for -,." '
pilot of a jet fighter it probably would be fatal. 4P

The effects produced by a bomb—any bomb—des
pend largely upon whether the bomb is exploded
the air, on the ground or below the ground. In
atomic bomb, of vastly greater power than a co
ventional bomb, the difference in the effects produced®
is more marked. Three types of burst generally a *
considered ; the air burst, in which the bomb is ex3
ploded high enough to prevent the fireball from touch-+
ing the ground ; the surface burst, in which the bomb$¥3
may be exploded either on the surface or so cl
that the fireball actually touches the surface; and
subsurface burst, where the bomb actually is deton-
ated below the surface of the ground or water.

F

Air Burst

In the air burst, the blast and heat effect have the;
greatest opportunity to do their work; hence, as §
weapon of destruction this is probably the most e
cient way to detonate the bomb. The exact height
which to explode the bomb may depend on the tegik
rain below and the type of construction of the targg
buildings. The bombs that were exploded over Jap
detonated in the vicinity of 2,000 feet over the targ
In the discussion of the various effects produced i

&

— vt et ey e N b et e e P oo MW




B Positive Impulse

Point of
+— TNT Explosion

fournd in §
As this ty
n be harmiy
tional harad
mizing P
apter, as wef

Point o
. — ATOMI

-
-

Explosion
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rious; for ¢ Blast Effect of an Air Burst

be fatal. W

In any type of explosion, a phenomenon known as
1y bomb—da

a shock wave is produced which emanates in all di-

s exploded rections from the point of explosion. This shock
°':';:'n In wave consists of a wave of compressed air, the posi-
- a o

tive phase, in which the pressure is above atmos-

‘ects produce pheric, followed by a wave in which the pressure is

gmeral!y . below atmospheric, the negative phase. As the posi-
* bomb is ext tive phase moves out, the air is heated, causing the
1! from touch latter part of the positive phase to increase in speed,
hich the boml which in turn results in a “crowding” at the front

© & or so closg
rface; and th§
.ally is '=| o
r water, ’

of the wave producing a “shock front.” Figure 14
is a graphical representation of the shock wave
formed both by TNT and an atomic bomb. Note
how the pressure rises from atmospheric to peak
positive almost instantly and then subsides more
gradually to atmospheric and below.

fHect have tH
:; hence, as}
the most ef
nact height §
d on the te

The negative phase in both cases lasts from three to
three-and-a-half times as long as the positive phase,
Note also that except for size both as to peak pres-
sure and time involved, the atomic shock wave is
identical to that of a TNT explosion. The positive

1 of the targy pressure phase of a nominal atomic bomb, i.e., 20,000
led over Japed tons of TNT equivalent, lasts about a third of a sec-
ver the targef ond at a point 1,000 feet from the explosion, and at
s produced ig 214 miles distant lasts a second and a quarter,

&
l

Pigure 14. Shock wave pressures,

The blast effect of the air burst of an atomic bomb
produces the greatest amount of material damage
and, indirectly, may cause the largest number of per-
sonnel casualties,

The conventional bomb is generally set to explode
on impact or sometimes slightly after impact, resulting
in an explosion on or a little below the surface, This
causes the force of the blast to be directed upward, and
while destruction is complete in the immediate vicin-
ity, the area affected by the blast wave is small. The
atomic bomb, bursting high in the air, produces ef-
fects which are quite different from those of an HE
bomb. The shock wave emanates from the bomb as
an expanding sphere. When it reaches the ground
directly under the bomb, a point known as “ground
zero,” the force is directed downward. At points
farther from ground zero, the blast wave strikes at a
greater angle from the vertical. A telephone pole
directly under the bomb could be unaffected, while
one [ocated some distance away might be knocked
over. When the shock wave strikes the earth, part
of the energy is absorbed and the rest reflected.
This causes an effect which is peculiar to an air
burst and, hence, is peculiar to an atomic bomb, since
the atomic bomb is the only one which normally
might be exploded high enough to produce this ef-
fect. As the shock wave expands, the reflected
shock wave expands along with it, like a gigantic
soap bubble. At the point of intersection of the two
waves, the primary wave is reinforced by the re-
flected wave, resulting in a wall of shock which may
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be from twa to eight times the strength of the orig-
inal shock wave. This reinforcing of the primary
wave is known as the “Mach Effect” and is illus-
trated in figure 15. Thus we see that by exploding
the bomb high in the air, the area of destruction and
damage is greatly increased, not only by the fact
that the blast is able to reach a large area but is
actually reinforced by the Mach effect.

The actual magnitude of this shock wave is meas-
ured in terms of pounds per square inch of “over-
pressure,” which is the increase over normal pressure.
Figure 16 shows peak overpressure at various dis-
tances from ground zero and the structural damage
which might be caused. The actual damage the shock
wave will produce depends, of course, on many things.
The type of construction is important. Reinforced
concrete buiidings will stand a much greater pressure
than brick or frame buildings whose chief element of
support is the walls. The effect of terrain is very
important. The shock wave may be deflected by
hills, skip over valleys, or in some cases, be rein-
forced by canyons. It is quite possible for houses
to be damaged at a considerable distance from the
point of explosion, while others nearer are untouched.
In general, in the average city it may be expected
that within a quarter of a mile of ground zero the
destruction will be complete regardless of the type of
consiruction. Out to a mile, reinforced concrete
buildings will be badly damaged, while other types
of buildings will be destroyed. Dwelling houses will
probably be destroyed out to a mile and a half
from ground zero. Minor damage can be expected
out to a considerable distanice. In Japan some win-
dows were broken as far as twelve miles from the
blast. Here the terrain was probably a factor, as
some houses much closer were undamaged. As an
interesting comparison, a hurricane wind of 100 miles
per hour will exert a pressure of 30 pounds per square
foot on a building. At a quarter of a mile from
ground zero, the shock wave exerts a pressure of
about 30 pounds per square inch. (30 psi), 144 times
as great. According to present estimates, an over-
pressure of 30 psi will destroy any building found in
the United States. The average home will be de-
stroyed by an overpressure between 3 and 6 psi.

It has been stated previously that the blast effect
of the bomb is indirectly the cause of most ef the
personnel casualties. The word “indirectly” is very
important. The human being, in some respects, is
a rugged animal and is extremely blast resistant. He
can withstand a shock wave, with no ill effects, that
would destroy a ten-story office building. It is esti-
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mated that to cause death or serious injury to a ped
son.arhockwavema:rmustum-tmoverp
sure of from 150 to 175 psi. At ground zero th
shock wave reaches only about one-third of thi __-'
value. There were no casnalties in Japan that couht
be attributed directly to shock other than ru M
eardrums. Blast collects its toll of humans by
secondary effects. Collapsing buildings and flyi
glass and other articles are the real blast hazards, not
the blast itself. Another secondary effect of blast ig.
the fires started in the damaged buildings by over®:
turned stoves, broken gas mains, etc. These ﬁrc.
result in a large number of hurn casualties whnch
add to those produced directly by the bomb.

Thermal Effects of on Air Burst

About 30 percent of the energy released by the.
bomb consists of electromagnetic radiation of ultravio-
let, visible light, and infrared rays. The surrounding
air absorbs much of this radiation resulting in the
formation of the fireball. At the instant of detona-
tion the temperature of this fireball is over a rmlllon
degrees centigrade but as it expands the temperature -
falls off rapidly. One ten-thousandth of a seconJ
after the explosion, the fireball has reached a di-
ameter of about 90 feet and the temperature is about
300,000°C. The fireball requires about 1 second:
to reach its maximum diameter of about 900 feet. At
this time the temperature of the surface is in th‘
neighborhood of 7,000°C. It also commences ns-
ing very rapidly and in a few seconds has
an upward velocity of 300 ft/sec. During this time
the fireball has been radiating heat intensely in quihe
the same manner as an open fireplace or an el
radiant heater. The heat waves travel through the“
air with the speed of light and apparently wi
producing any heating of the air. Although the
radiated from the bomb is intense (the tunperatuxe.
on the ground beneath the bursts in Japan was be-
tween 3,000 and 4,000°C.), it acts for 2 very short
period of time—about 3 seconds. -

Of the various types of thermal radiation, the most
serious are the infrared and visible radiation. While
ultraviolet can produce serious burns (as is well
known to anyone who has cver been sunburned), g
high attenuation in air, plus the fact that it is of ex®f
tremely short duration, reduce it to a minor hazardi§.

The effect of this radiant heat emanating from afs
atomic bomb burst produces a type of burn knowill:
as a “flash bumn.” Unlike an ordinary flame burnf
a flash burn may be produced without actual contaclle
with the source. As the radiant heat acts for
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moderately cracked.

wElectrical Installations and trollcy cars destroyed.
sMultistory brick building completely destroyed.

= 5000—{2-inch brick walls severcly cracked.

~Sreel (rame building destroyed {mass distortion of frame).

—Light concrete buiklings collapeed.
0.1 - 4000 ~Reinforced concrete smoke sack with S-inth walls overtuined.
+1%-inch brick walls compictely dastroyed.
- oo

0. 50

0.25 =

~Virtuslly complete datruction of all bulldings, other than reinforced con-
ctete sacine design.

Limit of severe structural damage Io earthquake-resistant rrinforced con-

o ZOM-—{crﬂe buildings.

Reinforted concrete building collapeed, t0-inch walls, 6-inch Aoee,

~Man distortion of heary sieel frame buildings. Low of roofs and panch,

b= 1000—Decka of stecl plate girder bridge shifk laterally

- 0 Air Burst of an Atomic Bomb.

Figure 16. Resumé of air burst sffecits,
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a short time, shielding of almost any kind may be
highly effective, The effectiveness of various materi-
als used as shields depends upon the distance from
the explosion. In Japan ordinary clothing proved an
effective shield for persons who were beyond 1,500
yards from ground zero. Many of these people suf-
fered severe burns on the exposed portions of their
bodies, while ‘their clothing offered complete pro-
tection. At a lesser distance from ground zero, how-
ever, clothing is of little or no protection. In this
case the clothing would be set aflame, causing flame
burns, and would probably disintegrate, allowing the
radiation to reach the skin. Heat rays travel in a
straight line, so only those persons directly in line
with the flash will be affected. A person around the
corner of a building or behind a large tree would not
be burned, although the building or tree might fall
on him.

One factor that has an important influence in
shielding is the absorption qualities of the materials.
Light colored materials reflect a large portion of the
heat and will resist radiation that would char the
same material in a dark color. This was apparent
in Japan where many women had the designs of their
kimonas transplanted to their backs in the form
of burns; the light portions reflected the heat, while
the dark figures absorbed and transmitted it.

Although the thermal effect of the atomic bomb
will char combustible material as far as two miles
from the point of explosion, and actually ignite wood
within a mile, it is not directly the cause of many
of the fires that spring up immediately after the ex-
plosion. Many materials that will char when sub-
jected to the heat will not ignite due to the short
time involved. Also, as the heat radiation precedes
the shock wave, many fires which might be caused
by direct thermal radiation may be blown out by
the shock wave following.

Thermal radiation is strongly affected by the dust
and moisture present in the atmosphere. For this
reason, it is not possible to state definite thermal
effects at various distances which would hold true
under all conditions. On a clear day, a person
in the open 6,000 feet from the explosion would re-
ceive third degree burns on the exposed portions of
the body. If a dense haze were present he could
stand in the open at the same distance and not be
burned at all.

Thermal radiation of the bomb is more of 2 per-
sonnel hazard than a structural one, and as about
20 to 30 percent of the fatalities and 70 percent of
the casualties in Japan were attributed to direct
thermal radiation, it may be considered a very serious
one. Thermal effects at various distances on various
materials are shown in table IT.

Section IIL. NUCLEAR RADIATION

The one effect of the atomic bomb which is pe-
culiar to that weapon and not shared with conven-
tional explosives is the nuclear or ionizing radiation
that accompanies the explosion. These radiations
consist of neutrons, alpha and beta particles, and
gamma rays. lonizing radiation is harmful to liv-
ing organisms and, therefore, constitutes a per-
sonnel hazard in the vicinity of an atomic explosion.
The results produced by this radiation on the hu-
man body are discussed in chapter IV.

The radioactive component of the bomb generally
is considered in two categories—the radiation pro-
duced by the bomb during the first minute or so after
detonation, and the residual radiation of land, water,
and objects which may have become contaminated
with radioactive products of the explosion. Some
residual radioactivity may be induced in the ground
or in salt water by the neutrons released during the
fission process. The initial radiation itself may be
divided into two parts—that radiation produced
during the fission process, lasting only a few mil-

lionths of a second, and the radiation produced by the
fission products. The radiation produced during the
fission process, known as “prompt radiation,” con-
sists of neutrons produced during the chain reaction
and gamma rays. As few of the gamma rays ever
reach the air, the neutrons are the only significant
radiation during this phase. When the chain re-
action has ceased, the material which was fissioned
consists of many radioactive fission products emitting
beta particles, gamma rays, and a few neutroms.
The nevtrons emitted during this phase are so few
in number that they may be considered of no im-
portance, and as the range of the beta particles is so
short (only a few feet in the air) the only radiation
which must be considered is the gamma.

Except for the instantaneous flux of neutrons, the
effective radiation in an atomic burst consists of
gamma rays emitted by the radioactive fission prod-
ucts. These fission products are made up of about
60 different isotopes representing about 34 different
elements. Probably all are radicactive to vatrious
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the effective distances considerably.
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: ‘I Some have extremely short Hves and are
POMIE .  ticactive, while others with ionger half

FECTIVE | ‘
. are not so intense. Each follows its normal

’_1..:25_ i : kret of decay, emitting beta and gamma in con-
o A o decrasingamouss.

Figure 17 2 8 typical curve of intensity plotted
- time. In this case, it is assumed that 1 hour
+voo mﬁm the intensity of the fission products
. 600 at s given location is one roentgen per hour. It can
900 be seen that the intensity fal!s off rapidly immediately
| after the explosion but, ashmcgowo?,i.;hedecruse
veo in jntensity becomes very gradual. This is the result
. %90 of the highly intense short-lived fission procfucts
decaying into long-lived isotopes of comparatively
- 000 low intensities. As some of these. isotopes may have
. 200 extremely long half-lives, the radiation, even though
, minor, may continue to exist for thousands of years.
| w00 Although figure 17 is based on an initial intensity of
| one roentgen per hour, at 1 hour after detonation it
300 will hold true for other initial intensities. !.?or ex-
150 ample, if 1 hour after the burst the intensity was
. found to be 100 roentgens per hour, then, from the
00 ; curve we see that 4 hours after detonation the in-
s00 4 tensity is 19 roentgens per hour. For a ready rule
- of thumb, the intensity may be regarded as decreasing
000 ' inversely as to time; for example, the intensity at
0o A @ certain spot 10 hours after detonation will be ap-
proximately one-tenth that at 1 hour. This is a

Voo sufficiently accurate estimate for use in the field.
oo : In the discussion of the thermal effects it was stated
100 | that almost immediately aft.er the ﬁreba.ﬂ formed it
commenced rising at a rapid rate, initially at more
oo ' than 200 m. p. h., so that it reaches an altitude of
%00 ' 15,000 feet in about a r}‘linute .an.d a fxalf. All the
. fission products are retained within this fireball and
%00 5 rise with it. Thus, even though the fission products
200 radiate gamma for a considerable period of time, the

rising fireball removes this source of radiation from
$00 the earth in about one minute. The atomic cloud
moving rapidly toward the stratosphere is still a

100 ] source of intense radiation, and a danger to airmen,

500 & but for the survivors below it may be forgotten. This

700 d cloud continues rising until it reaches the strato-

| sphere, between 30,000 and 60,000 feet. At this point

e00 _ it spreads out, and the radiation particles are gradu-

3 ally diffused, thus causing a reduction in intensity,

o which is in addition to the natural radioactive decay.
100 r General Effects of Radiation

It was stated in the discussion of thermal effects
that shielding of almost any type could be very effec-
tive in preventing burns. This is not true at all con-

terials, such as wood or fabrics, offer- slmost mo
shielding effect. Only heavy materials such as lead,
steel or concrete can give any protection from this
type of radiation. When speaking of shielding, the
term “half thickness” frequently is used., It may be
defined as the thickness of a certain material which
is required to reduce the intensity of radiation by
one-half. The half thickness of steel is 1 inch; thus,
if a steel plate 1 inch thick were placed in a radiation
field of an intensity of 400 r/hr, it would reduce the
intensity to 200 r/hr; 800 r/hr would be reduced to
400 r/hr. This half thickness of materials depends
mostly on their densities, 14 inch for lead, 1 inch for
steel, 3 inches for concrete and 5 inches for earth.
The best defence against ionizing radiation is distance.
Any radiation from a point source will diminish in
intensity according to the law of inverse squares.
In other words, if a point “A" is twice the distance
from the source as point “B,” the intensity at “A"
will be one-fourth the intensity at “B,” if “A” is three
times as far as “B,” it will be one-ninth, etc. Gamma
radiation is similar except that there is an additional
attenuation caused by the gamma photons reacting
with particles in the air and giving up some of their
energy. This causes a reduction of intensity by a
factor of ten for each 800 yards distance from the
point of explosion. .

Without going to deeply into the medical aspects
of radiation, it might be well to discuss the amount
of radiation that will produce harmful or lethal effects
on personnel. A total dosage of 450 roentgens re-
ceived over the whole body in a short time, suchasa
few minutes, probably will be lethal to 5} percent of
the people exposed. This is known as the MLD or
“median lethal dose” of whole body radiation. A
dose somewhat less than this might prove fatal to a
few people, but most would recover. Conversely, a
few people might survive a dose of 600 roentgens, but
the majority would die. A person in the open would
receive the MLD of 450 r at a distance of 1,300 yards
from ground zero. The attenuation is so strong, how-
ever, that at 1,500 yards from ground zero only 150 r
would be received, which would not be fatal and
would result in sickness in only about half the people
exposed. Shielding can be very important at these
distances. For example, at 1,300 yards 3 inches of
concrete would reduce the total dosage from 400 to
200 r, that is, from a dose that might be fatal to one
that definitely would not be and might not even cause
sickness. It has been estimated that 50 percent of
the total dose is received during the first second after
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the burst. If a person caught in the open could reach
some cover, as behind g wall or in a slit trench, within
a second after seeing the flash, a significant portion
of the radiation might be avoided. This might mean
the difference between life and death at such distances
from ground zero that the unshielded dose is near
the median lethal range.

Newiron Radiation

At the beginning of the discussion of radiation a
neutron flax was described as emanating from the
bomb during the first instant of explosion. Neutrons
are similar to gamma rays in that they are ionizing
and are harmful to living organisms. They also are
highly penetrating. The neutrons, however, do not
have the range of the gamma rays and for a 2,000
foot air burst would not be lethal for personnel in
the open at distances greater than one-half mile from
ground zero, At this distance the unshielded dose
from gamma radiation would be over 2,000 roentgens,
so that neutron radiation cannot be considered an
added or individual! hazard.

Residual Radiation

Residual radiation, as the name implies, is the
emission of alpha, beta, and gamma rays by radio-
active material which may remain in the vicinity
of an atomic explosion. Although this type of radi-
ation may be produced by neutrons striking the earth
and inducing radicactivity in the elements therein,
most of it results from the scattering of fission prod-
ucts. One other source of radicactivity is the ura-
nium or plutonium which has not undergone fission
but has merely been blown into minute fragments.
These materials emit only alpha particles. They
might become an internal hazard to personnel if de-
posited in a populous area in quantity. The internal
hazard of radioactive particles will be covered in the
chapter on medical effects. As was shown in the
paragraph on neutron radiation, the neutron range is
comparatively short, so in 2 high air burst only the
ground in the immediate vicinity of ground zero
would be affected, and only to a slight degree. The
rising fireball which is followed by an upward rush of
heated air forms a chimney-like effect that carries
all the products of explosion to a great height before
they have a chance to settle to the earth. These
radioactive particles that result from the explosion
of an atomic bomb are extremely small, ranging from
diameters of about 1,000 microns (1 micron = 10°
cm or about one four-thousandth of an inch) to

diameters of less than -5 microns. These particles
are of such small size that they do not fall to the
earth immediately, many of them remaining in the
air for long periods of time, During the time these
particles remain in the air they are losing their
intensity, due to radioactive decay, and are being
gradually dispersed by the wind, so this “fallout” of
radivactive material cannot be considered a serious
personnel hazard resufting from an air burst. If the
force and direction of the wind is known for various
altitudes up to 60,000 feet, a plot may be made show-
ing areas likely to be affected, if at all.

Thus, we see for a hiph air burst the residual
radiation produced is extremely thinor, and when
compared with the blast and heat effect of the bomb,
it becomes negligible. While ionizing radiation is
produced and represents a definite personnel hazard,
this ceases to be of any dangerous intensity at ground
level after about a minute, Rescue work, therefore,
can be commenced almost immediately after an air
burst and should not be delayed on the supposition
that dangerous radicactivity may exist.

Surface Burst

An atomic bomb exploding on or near enough to
the surface so that the fireball touches the earth is
known as surface burst, and the general effects are
different from that of the high air burst. The blast
effect of a surface burst is much more intense in the
immediate vicinity of the bomb but the effective area
of damage is considerably less. This is caused by
the shock wave being projected outward and upward
rather than downward, and the fact that the burst is
so close to the ground the Mach effect does not take
place. Thus, we see as far as blast damage is con-
cerned, the bomb is more efficient when exploded high
in the air than when exploded very close to the sur-
face. The result desired from any bomb usually is
widespread damage rather than complete annihilation
of a small area. With respect to thermal radiation
effects, the tremendous heat of the fireball would
melt or vaporize most objects in the immediate
vicinity but the shielding effect of buildings might
reduce the effective area. The effect of the immediate
gamma radiation of the surface burst would be quite
similar to the air burst, but some shielding would be
provided by structures. The residual radiation pro-
duced by a surface burst will be quite appreciable.
As the bomb is much closer to the ground, the neutron
flux is much more intense and will cause considerable
induced radioactivity. In addition, many fission prod-
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ucts will be fuzed into the ground by the heat of the
explosion or be deposited by condensation. The fall-
out may be a cause of residual radiation, as there will
be considerable dust and small fragments of matter
drawn up into the cloud by the explosion. These
particles, with fssion products adhered to them, and
being of larger size than most of the fission fragments,
will fall to earth while the activity is still intense.
Shortly after the Alamogordo test, some cows about
15 to 20 miles from the explosion were subjected to
the fallout of dust containing radioactive particles.
However, other than loss of hair, which later grew
back a different color, the cattle showed no permanent
il effects. .

Subsurface Bursts

As the only subsurface burst of an atomic bomb
to date was the wellknown “Baker Test” at Operation
Crossroads, which was an underwater burst, that
type of burst will be described. In this type, which
is radically different from the air burst, the thermal
effect and immediate radiation are practically neg-
ligible, while the residual radiation is very extensive.
The underwater shock wave produced by the ex-
plosion will sink the strongest ship within a radivs of
600 yards and cause damage to hull and machinery
up to a range of 1,500 yards. The underwater burst
at Bikini sank nine ships. However, it must be
taken into consideration that the ships were moored
very close to each other for the purposes of the
experiment.

The most striking effect of an underwater burst
is the residual radiation or contamination produced.
Nearby land and water and the objects thereon, such
as houses and ships, become contaminated when
radioactive particles are deposited on them and ad-
here to them. Contaminated objects appear to be
radicactive but actually they are not. When the
radioactive particles are removed, the objects them-
selves no longer give any indication of radioactivity.
This contamination and the methods used for de-
contamination will be discussed more fully later.
‘When the bomb bursts underwater, as at Bikini,
the fission products are trapped by the water and
carried upward in the huge column of heavy spray.
This column drops back into the water almost im-
mediately, carrying the fission products back with
them. The immediate gamma radiation at this point
is negligible, as only the fission products on the out-
side of the column are effective, and the column is
approximately 2,000 feet in diameter and reaches

a height of about 5,000 feet. The thermml effect of
the bomb in this case also is negligible, as nearly ail
the heat is absorbed by the water., At Bikini, when
this column of heavy spray fell back into the water,
it produced a peculiar effect known as the “base
surge.” This consisted of billowing clouds of radio-
active mist expelled outward from the falling spray
column. At first it moved out with a speed greater
than 60 miles per hour but slowed rapidly to a speed
of only a few miles per hour. It gained in height as

- it moved, reaching a height of over 2,000 feet at the

extent of its outward movement. As the base surge
moved outward, a rain.commenced which lasted for
about an hour after detonation. At this time the mist
clouds rose from the water to a height of about
1,500 feet. It eventually formed cumulous clouds
which joined and became indistinguishable from the
cumulous clouds which were present at that time.
The base surge, as it moves outward from the base
of the spray column, is highly radioactive, contami-
nating everything in its path. Its radiocactivity di-
minishes rapidly, however, due to the rainout de-
positing fission products and the natural decay of the
fission products contained within,

In addition to the fission products, 2 certain amount
of contamination results from the neutron-induced
radicactivity of the sodium present in sea water.
Sodium is one of the elements that is particularly
susceptible to neutron activity. However, this ac-
tivity is only a small part of the total activity due to
fission products.

The contamination of the target ships at Bikini
caused by the underwater burst was quite extensive.
It was many days before some of the ships could be
boarded for more than short periods of time. Al-
though the contammation crews went to work imme-
diately, it became apparent that complete decontarni-
nation would not be practical in view of the expense
involved and the fact that the ships were obsolete and
many badly damaged. It was for this reason many
ships were sunk in deep water, although, unfortu-
nately when reported in the press the impression was
given that the radioactivity present could never be
removed. There was no ship at Bikini that could not
have been completely decontaminated and made en-
tirely liveable had the sitnation warranted. In fact,
some of the contaminated ships were made completely
habitable and returned to service,

The base surge, which produced such a large
amount of contamination at Bikini, is a phenomenon
which belonged to that particular explosion, i. e, the
depth of the water and the depth of the bomb when
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Figure 18. Contamination caused by sub-surface aiomic burst.

it exploded. The effect that would be produced under
different conditions is a matter of conjecture, See
figure 18.

All the information that is presently at hand con-
cerning subsurface bursts is gathered from the under-
water test at Bikini. As there has been no actual
underground test, the effects of this type of explosion
can only be estimated. In this case the shock wave
would travel underground rather than through the
air, causing an ecarthquake effect which would un-
doubtedly be highly destructive to buildings in the
immediate area. The air blast and the thermal radi-
ation would be absorbed by the earth. Immediate
gamma radiation would be negligible; however, the
residual radiation and contamination produced would
be extensive.

Contamination and Deconlomingtion

Residual radiation or contamination produced by
an atomic bomb may be of two types—radioactivity
induced in certain elements by the neutron flux, and
that produced by the scattering of fission products and
unfissioned nuclear material. Induced radioactivity
is very slight in the air burst, and even in a surface

or subsurface burst would be by fat the minor source
of contamination. It is true that after the Able Test
at Bikini some induced radioactivity was detected on
the target ships. Salt on mess tables and silverware
were affected, as sodium and silver have high capture
cross-sections for neutrons. The Able burst, how-
ever, although classed as an air burst, was actually
very low, only a few hundred feet above the water,
If it had occurred 2,000 feet in the air, which is con-
sidered the optimum altitude for an air burst for a
bomb of this size, it is doubtful if any radioactivity
would have been induced.

The main cause of contamination is the adherence
of the radioactive particles to the ground or objects,
In this case the object which has been contaminated
by radiocactive particles will appear to be radioactive
due to the presence of these particles. If these par-
ticles are removed, the object will lose all signs of
radioactivity. In other words, radioactivity is not
contagious; radioactive particles will not transmit
their radicactivity to the object they happen to adhere
to. However, this radicactive contamination is easily
spread by direct contact. In this case the particles
themselves are transferred. Care must be taken when
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handling objects known to be contaminated to pre-
vent this spreading.

These radioactive particles actually are made up of
many unstable atoms. As the atoms themselves are
the cause of the radicactivity, they are completely un-
affected by any chemical process such as buming,
melting, or combination with other elements. In
effect, this means that there is no way of neutraliz-
ing radicactive contamination by the addition of some
other chemical, as can be done in the case of mustard
gas by the addition of chloride of lime. An object
may be decontaminated only by physically removing
the radioactive particles and depositing them in a
place where they may continue their radicactivity
barmlessly. This is one of the biggest problems
where decontamination is concerned—to remove the
particles without spreading them over a wide area
and thereby creating an even larger problem,

The most elementary method of decontaminating
personnel and small objects is simply scrubbing with
soap and water. A good detergent added to the
water helps, as it breaks down the surface tension
making the water “wetter” and enabling it to get into
tiny pores and cracks and flush out the minute par-
ticles. Citric acid has been found to work well for
this purpose, as well as many commercial detergents.
It should be brought out that any chemical added
to the water serves merely to assist the water in its
task of removal of radioactive particles. It does not
in any way reduce the radiological effect. Clothing
may be decontaminated by vacuum cleaning or laun-
dering. However, the vacuum cleaner must have &
filter attached to trap the particles, and the laundry
must be especially equipped so the waste water will
not spread the contamination. Porous materials are
considerably harder to decontaminate than hard or
smooth surfaced materials. In this case the small
partitles become deeply imbedded, and it may be
necessary to remove part of the surface. Here, again,
the problem of avoiding the spreading of contamina-
tion comes up. Wet sandblasting is quite effective
and prevents the dispersal of contaminant in the air,
A land area which is contaminated may be cleared
for the passage of troops by employing bulldozers to
scrape a passageway. A cut of 6 inches ordinarily
will remove all radioactive particles.

Personnel Precantions

Personnel working in a contaminated area should
wear protective clothing consisting of coveralls,

H

gloves, boots, and a respirator. The latter is to pre-
vent the breathing of radicactive dust which might
have serious consequences. The protective clothing
would be of no protection against gamma radiation,
but any known contaminated area would have to be
monitored for gamma prior to anyone enteting for
decontamination work. The reason for the protec-
tive clothing is to prevent beta and alpha emitters
from coming into contact with the skin. Intense
beta radiation may cause burns and lesions of the skin
which are slow healing. Also, it is much easier to
unzip a coverali than to serub for hours in a shower,
although the shower also should be included as a
further precaution.

SUMMARY OF ATOMIC BOMB EFFECTS

Air Burst

In this type of burst the blast and heat effect of the
bomb will cause destruction and damage over a wide
area. The immediate gamma radiation will be a.
definite personne! hazard for a minute or two after *
the explosion but will cause only a small percent :
of the total casualties. Residual radiation and con-
tamination will be negligible. i

Surface Burst i

The blast and heat effect will be somewhat localized,
i.e,, will be more intense in the immediate vicinity a&
the burst but will not cover as much of an area as’
that produced in the air burst. The immediate ra-
diation will be present and the effect will be simihr*
to that of the air burst. Residual radiation proba-
bly will also be present in varymg degrees. It mights
present a serious problem in connection with rescue?
work, fire fighting, etc. Radio-activity might well be
spread over a considerable area by fall-out.

Subsurface Burst

The effect of this burst is somewhat similar to tbe
surface burst. A portion of the blast effect will b
absorbed underground producing a shock wave. :
blast effect in air will be less than either the air ._" *
surface burst but will be of considerable force. Th
thermal radiation probably will be negligible. Immé
diate gamma radiation will be considerably reducd
but residual radiation probably will be extensivglk
The spreading of contamination will be considerabifis
increased if a base surge is formed. '
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CHAPTER 4

MEDICO-BIOLOGICAL EFFECTS OF ATOMIC WEAPONS

Section 1. GENERAL

A single atomic bomb of the type dropped on Naga-
saki and Hiroshima during the war can lay waste the
heart of a large city and injure and kill great numbers
of people. In the two Japanese cities, over 100,000
were killed, and nearly as many were injured. Ifa
pomb were dropped in such a way as to leave the
area contaminated with radicactive materials, other
casualties might result and rescue and repair work
would be hampered. The area of damage, the num-
per and kind of casualties, and the extent of con-
tamination would depend on how powerful the bomb
was, and on how it was used-—whether at high or
low altitude on a clear or stormy day, or exploded
in a river or harbor.

Each way in which a bomb was used would have
jts own particular type of hazard. In some cases,
the area of damage would be at a maximum; in
others the area of damage might be reduced but ra-
dioactive contamination would be more severe. In
these discussions, we are primarily interpreting data
derived from the Japanese bombings in which an
atomic bomb, considered as roughly equivalent to
setting off 20,000 tons of TNT, was exploded at
a height of about 2,000 feet above the earth on a
clear day. This was about the altitude at which
a bomb of this power is estimated to have the greatest
effect. Higher than this, its blast effects would be
weakened ; lower than this, the circle of damage would

be reduced.

The Power of the Bomb

The Hiroshima and Nagasaki bombs caused total
destruction and serious damage to buildings—and
death and injury to people—for 2 miles from the
point at which the bomb was set off; the extreme
limit of damage was about 4 miles. More powerful
bombs could cause a wider area of damage, but very
great increases in explosive force are necessary in
order to accomplish relatively small increases in the
area of damage. For example, it would be necessary
to double the power of a bomb in order to increase
the radius of severe damage and injury by one-fourth
from 2 to 214 miles. Estimates based on the type
of bomb dropped over Japan can be used as a rough
basis for discussion and planning.

The Way Bomb Is Used

A high air burst, such as that in Japan, leaves no
dangerous amounts of radicactivity on the ground.
A bomb exploded in the air at low altitude, as in the
Alamogordo test, will pulverize and vaporize ma-
terials in its immediate vicinity, It will not affect as
wide an area, and the screening effect of hills will
be increased since the explosion takes place closer to
the earth, Radicactive contamination will, however,
be severe within a limited area.

An underwater explosion of an atomic bomb also
might cause serious contamination. The area af-
fected would depend on where the bomb exploded, on
the combined depth of the water and the softbottom,
such as fmud, and upon the direction and force of
the wind. At Bikini, the underwater (Baker) test
caused what is kmown as a base surge, a 200~ to
300-foot “wave™ of heavy radioactive mist which
spread outward from the base of the mushroom tower
of water, turned into a low-lying rain cloud and pre-
cipitated radioactive materials over the surrounding
area. If the explosion of a bomb caused such a
base surge, contamination of any adjacent land areas
would result. Other types of injuries from the ex-
plosion itself, however, would be reduced.

Effects upon People

The effects of the burst of an atomic bomb upon
people are essentially the same as those caused by an
amount of TNT that releases an equivalent total of
energy, but with certain added factors. Mechanical
injuries suffered in the collapse of buildings will pre-
dominate in both cases. The main differences are
first, the greater amount of radiant heat released by
an atomic explosion; second, the large amounts of
light, including ultra-violet; and third, the large
amounts of nuclear radiation.

Injuries to people from an atomic bomb can be
divided into four general categories—those caused by
the blast pressure wave directly; those caused when
buildings are wrecked ; those caused by burns, either
in the wreckage or from radiant heat; those caused
by nuclear radiation, either directly or through resid-
nal contamination.
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In the case of an underwater blast, the water ab-
sorbs the radiant heat, light, and nuclear radiation,
hence direct injuries from these sources do not occur.
The contamination absorbed by the water, however,
is spread whenever a base surge is formed.

In the case of such a high air blast as in Japan,
some 15 to 20 percent of the deaths probably will be
caused solely by nuclear radiation. The remaining
80 to 85 percent will be caused primarily by injuries
suffered in the collapse of buildings and by burns, al-
though many of these also suffered severe radiation
exposure.

Practically all the direct injuries caused by the ra-
diant heat take place within about 2 to 3 seconds
after the initiation of the explosion. Japanese people
in the open suffered third-degree burns up to 1,500
yards and second-degree burns up to 4,000 yards.

Section IL

Air Blast Effects .

Air blast effects on people fall into two categories:
{a) Those caused directly by the pressure wave of
the blast, and {b) those caused indirectly by collapse
of buildings, flying wreckage, and by people being
thrown against solid objects.

Direct Injury

Direct blast injury may occur wherever the air
comes into contact with body surfaces, particularly,
the intestinal tract, the stomach, the lungs, the ears,
and the sinuses about the nose. Greatly increased
pressure, especially if the increase is sudden, can
tear these tissues. Practically no injuries of this sort
were reported in Japan among survivors.

In the water, the dangerous level for pressure is
about 500 pounds per square inch. In an underwater
atomic explosion, any person immersed in the water
probably would be killed or seriously injured up to
2,000 yards from the zero point.

Indirect Injury

Secondary blast injuries are an important cause
of death in an atomic bomb explosion. Since prac-
tically all brick and light masonry buildings with
weight-bearing walls in the blast area will be wrecked,
wooden buildings flattened, and the doors and other
partitions of blast-resistant steel-reinforced concrete
buildings blown out, people in or near these buildings
will be killed or injured by collapse of structures,
and by missile effects of debris. Among such in-
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Nuclear radiation continues for 90 seconds but most"
of it is concentrated in the first few seconds, 50 pes
cent occurring in the first second. People suffered
injuries from nuclear radiation, but beyond 134 mileg
injuries fell off sharply. The shock wave from the
blast sweeps outward rapidly from ground zero and,
in the case of Japan, took 8 seconds to travel 2 miles
to the perimeter of damage. Injuries from its effects
occurred throughout this region. .

In the following sections are discussed: (a) the
type of injuries caused by an atomic explosion, and
the extent to which they occurred in Japan at varioas
distances from ground zero; (b) the nature of the
radiation hazard, the effects of exposure, and some
of the treatments for acute radiation sickness; (¢)
the nature of the hazard from radiological contamina:
tion—not encountered in Japan—and some of the
precautions that can be taken against it.

INJURIES FROM ATOMIC BOMBS

juries will be crushing, fracturing of bones, and
lacerations and bruises of various types. Mechanical
injuries resulting from atomic bomb damage vary in
no way from those that would be produced by other
explosives or missiles except in the number of casual-
ties.

Flying glass contributed a large share of superficial
injuries, to be expected in any powerful explosion.
In Japan, for example, cases were reported of glass
fragments having penetrated over an inch beneath the
skin. However, the clinical course of Japanese pa-
tients with mechanical injury showed that these in-
juries were not unique and such impairment as oc-
curred was clearly attributable to the usual censes
such as infection, loss of blood, and starvation.

Injuries Due to Heat and Light

Severe burns were caused both by the radiant heat
from the explosion of the atomic bomb (flash burns)
and from the fires that broke out in the wreckage
(flame burns). Those who looked directly at the
burst suffered only temporary dazzling and loss of
vision. Temporary blindness resulted when the in-
tense light bleached out the substance within the
eyeball called “visual purple,” and persisted from
seconds to several hours until the body could manu
facture a new supply.

Where hemorrhages of the eye occurred, it
probably from the general systemic effects of nucles
radiation. Conjunctivitis was common, but this in
fection of the outer eye was caused by smoke and dus




Flash Burns

" srpe flash burns caused by an atomic explosion may

g first degree, merely reddening the skin ; second de-

causing blisters; or third degree, damaging all

- payers of the skin. The severity of an individual's

wjury, 25 with other types of burns, depends upon

¢he degree of the burns, as well as upon the propor-
gion of the body’s total skin area that is affected.

Atomic bomb flash burns differ from those caused
| by other types of explosion, since they are due to

ndimtheatrathcrthantohotgas&.asinthecase
| of shell burst or gasoline explosions. They are read-
iy distinguished because atomic flash burns are sharp
in outline and are oriented to the point of the explo-
gion. Shadow effects are prominent. An ear, for
example, might be badly burned yet the skin be-
kind the ear be unharmed.

Loose clothing afforded some protection against
stomic flash burns, and color also had a protective
effect. White clothing tended to reflect the radiant
heat, while darker clothing absorbed it. Cases were
found where the dark colored patterns on light col-
ored clothing were burned on the skin of the patient.
Tight clothing affords less protection than loose
ftting *clothing. Skin burns were more severe at

where the clothing was tight. For example, on
the shoulders where the shoulder straps were tightest
burns were more severe,

Flame Burns

The flame burns in Japan mostly occurred when
people were trapped in the wreckage of buildings
which afterward caught fire. A conflagration may
be expected to follow any atomic bomb blast. Not
only is the radiant heat sufficient to ignite wood and
lighter materials close in, but the collapse of struc-
tures overturns stoves and furnaces, breaks electric
wires, and ruptures gas lines above ground. About
70 percent of Hiroshima's fire-fighting equipment was
destroyed, firemen were killed, the water supply was
disrupted, and streets were clogged with debris.

The uprush of the atomic cloud after the explo-
sion causes an inrush of wind, and heat from fires

The nuclear radiation that causes direct injury in
an atomic explosion includes neutrons and gamma
rays. The former are tiny invisible particles driven
out of fissioning atoms; the latter are invisible elec-
tromagnetic waves very similar to powerful X-rays
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augments this effect. At Hiroshima a “Sire storm™
resulted, with gale-winds sucked inward toward the
center by the continued uprush of hot air. This did
not occur at Nagasaki, but must be assumed as a
danger in an atomic blast. At the very least, fires
about the perimeter will tend to consolidate and cut
off help from people trapped within the blast area.

Burns suffered from flames, in such cases, differ
in no way from those encountered in any ordinary
intense fires. If the case is not complicated by in-
jury from nuclear radiation, the determining factors
in survival and rate of recovery will not vary from
those of a com ordinary burn. 'Where radia-
tion injury has been suffered, infection will be a
grave danger.

Among the injured in Japan, there were many
cases where excessive scar tissue (keloids) formed,
and many of the survivors have contraction deform-
ities resulting from improper care of burns and other
injuries during the healing process. The deform-
ities and the keloids are not specifically related to
exposure to the atomic bomb, but rather to impaired
healing and to infection. The keloids also apparently
stem from a tendency in the Japanese as & race;
and burns suffered in non-atomic bomb raids resulted
in comparable amounts of scar tissue. Adequate
medical care would reduce the amount of keloids and
prevent much of the crippling.

Had proper medical care been available, it is also
probable that many of the Japanese who died from
burns, as from other causes, might have been saved.
The death totals must be weighed in relation to the
fact that all medical care was totally disorganized for
days after the atomic blast,

Adequate care to injuries and burns suffered in
an atomic explosion present a problem of great mag-
nitude. While the types of injuries, aside from the
radiation hazard, are similar to those encountered in
ordinary bombing or other catastrophe, the large
numbers or individuals invelved in an atomic blast,
and the general chaos that results, present a problem
whose solution requires a great deal of careful plan-
ning and preparation.

Section IIL. THE RADIATION HAZARD

and constitute the greatest radiological danger in an
atomic blast. Both forms of radiation cause the same
type of injury. They penetrate deeply into the body
and jonize the atoms that make up the various ele-
ments—carbon, nitrogen, hydrogen, and oxygen
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among others—so that the atoms no longer are neu-
tral electrically, but carry a positive or negative elec-
trical charge which makes them violently reactive
chemically. Nuclear radiation, or ionizing radiation,
disrupts the complex combinations of these elements
and thus changes the proteins, enzymes, and other
substances that make up our cells and bodies. As a
result, the cells are injured or killed, and bodily
functions can be affected ; if enough cells are damaged
or killed, the person becomes sericusly ill or dies.

This ionizing radiation ordinarily cannot be de-
tected by the senses. If one touches a hot stove,
the sensation of heat and resulting tissue damage is
immediate. But one may receive an amount of ioniz-
ing radiation that will produce far more serious
tissue damage than a bumn without any sensation.
Although chemical and physiological changes are pro-
duced almost instantly, no damage will be apparent
for several days. )

Beyond these general facts cited, very little is
known about the exact mechanism by which radiation
harms living molecules, cells, and tissue. The clinjcal
effects have, however, been extensively studied in Ja-
pan, and in the United States a Nation-wide research
effort to investigate these effects has been underway
since the early days of wartime development.

Acute Rodiation Iilness

The clinical findings in Japan show that people ex-
posed to heavy radiation suffer various injuries, sick-
nesses, and malfunctions which together are called
the acute radiation syndrome. Physicians find that
the severity of the symptoms is related importantly
to two factors—the amount of radiation absorbed in
a single dose, and the proportion of the body exposed.

It is possible to expose a skin cancer an inch in
diameter to 5000 roentgens of radiation (X-ray)
without any efféct on the patient other than that
upon the cancer cells and, some scarring of adjacent
normal tissues. But one-tenth this amount of ra-
diation (about 500 roentgens}, given over the whole
body praobably would prove fatal. Whole body ir-
radiation of 450 roentgens is believed to be the dose
that will kill about half of all the persons exposed
to it (a dose called the human LD-50, or 50 percent
lethal dose), Half of that amount of whole body
irradiation, 225 roentgens, would cause radiation ill-
ness and, in rare cases, might result in death. The
degree of acute radiation iliness, and the probability
of recovery or death, thus will vary sharply with the
dosage received. The syndrome also can result from
radicactive materials absorbed and lodged widely
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within the body where they then could emit their de-
structive radiation at close range, This danger from
internal radiation is discussed later, Here, we are .
concerned with the effects of external radiation.

Results of Exposure

Clinical observations make it clear that heavy ex-
ternal exposure to penetrating radiation cavses a mas-
sive break-down of the body's tissues, particularly in
certain organs of the body. Since destruction of cells
in various tissues reaches its height at different times
after exposure, symptoms from these injuries will
occur at different times. Two features make this
type of body damage unique.

1. No two organs or tissues of the body suffer
exactly the same amount of damage. Lymphoid tis-
sue, bone marrow, the sex organs, and the lining of
the small intestine suffer heavy damage. Muscles,
nerves, and fully grown bone are not so easily in-
jured. Other tissues, such as skin, liver, and lhung,
lia in between these extremes.

2. Unless the radiation has been extremely heavy,
cells may not die for hours or days. For a week
after skin is injured, it may show only a surface red-
dening and swelling of the underlying tissues. = Blis-
tering and loss of dead skin may be delayed for 2
weeks,

The course of illness in acute radiation syndrome
can be described from the case records of Japanese
exposed to atomic bombings, where their injuries
were uncomplicated by blast damage or flash burns.
Among Japanese who received 600 roentgens or more
of radiation, the onset of the syndrome was violent
and, in 75 percent of the cases, the first symptoms
appeared within 2 half hour of exposure; great weak-
ness followed and death sometimes occurred within
24 hours. Some patients lived 10 days. Among
those receiving around the LD - 50, or 450 roentgens,
the first symptoms might not appear for several hours
and, after the first onset, the patient might be able
to carry on normal duties for a week. One soldier
fn Japan, exposed in this way, afterward marched
15 miles with a full pack.

The sequence of symptoms among ail exposed to
heavy radiation was roughly the same, but the time
intervals of various phases of the illness varied ac-
cording to the severity of the exposure. Those who
received around 450 roentgens or less developed ad-
ditional symptoms—Iloss of hair and severe infec-
tions. The illness of a typical patient among the
latter group goes through four phases:
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Phase 1. Within an hour or 30 after expogure, the
patient becomes nauseated, vomits, and suffers gen-
eral prostration and weakness. Diasrhea may occur
and his blood pressure may fall a little. In general,
the heavier the dosage, the more ill the patient will be.
This phase is quite similar to the "radiation sickness”
suffered by patients treated intensively with X-ray
or radium.

Phase 11, After the first onset of the illness, symp-
toms tend to disappear, and for a period of a few
days to several weeks the patient feels less ill. For
patients who have suffered the heaviest radiation, this
period will be short. Reports have stated that Jap-
anese injured by radiation alone were entirely with-
out symptoms during this time, but the best informa-
ticn is that they were sick people who, because of the
emergency, drove themselves to do what had to be

done.

Phase I1I. The illness reaches its height during
this phase. Whether or not the patient survives de-
pends on his ability to endure this acute stage. The
patient becomes apathetic and develops a fever and

rapid heart action. He becomes increasingly weak
and loses weight. He loses his appetite, may become
nauseated and suffer severe diarrhea which is some-
times bloody. Small hemorrhages may appear in
the skin and the gums bleed. In severe cases, in-
fected ulcers may spread throughout the mouth and
alimentary tract. The hair may fall from the head
and body about 3 weeks after exposure,

The slightly injured recover quickly, but those
who receive a heavier dose of radiation may continue
gravely ill for weeks. The most severely injured
may grow progressively worse over a period of weeks
and finally succumb, or may die within a few days.

Phgse IV. Patients who survive enter a convales-
cence during which a feeling of weakness and fatigue
are the outstanding symptoms. It may be months
before the patients recover npormal strength and
weight. The skin hemorrhages disappear and the
hair, if lost, gradually regrows. Usually within 6
months, the patient feels completely well. Al usual
methods of examination indicate that, by this time,
the patient is normal. Nevertheless, it is too soon
to say that survivors will not suffer further il effects.

Other Reactions

Besides the symptoms described, the acute radiation
iliness includes damage that can be detected only
by laboratory tests—changes in blood cells, in male
sex organs, and in the functioning of other organs.

Several aymptomsoithetlurd,oracute.pbud‘ﬁ
the illness stem directly from injuries to certain .elas'
ments in the blood. Infections and ulcerations arise
because radiation destroys white blood cells that
normally aid in combating bacteria. A few days
after radiation exposure, the number of white cells
declines and, in severe cases, the cells disappear
almost entirely. The skin and gum hemorrhages
seemingly are connected with a fali in the number of
platelets in the blood, since these substances play a
role in the clotting of the blood. Other causes, such
as an increase in anti-clotting substance that resembles
heparin, a normal blood chemical, also contribute.-
Platelets begin to decline only after an interval of
days and, where the patient survives, reappear dur-
ing convalescence. A third, and very serious, effect
upon the blood, the decline in the number of red
cells, causes anemia and contributes to the general
weakness and debility so marked in acute radiation
iliness. The decline in the number of red cells starts
immediately after exposure and may continue for
weeks.

Microscopic studies of tissue, amplified by more
complete research with animals, indicate these blood
changes are caused by radiation damage to the
bone marrow and to the lymphoid tissue where these
various cells are born. And the injury to tissue, as
well as the course of illness in the patient, can be
traced to damage to the cells. Radiation causes the
cells to swell, disorganizes their structure and stops
them from reproducing themselves. ‘The stoppage of
cell division occurs immediately after irradiation;
structural changes appear more gradually. The most
spectacular change is the collapse of certain parts of
the cell, and the shrinkage of the nucleus followed by
death and disintegration. The interruption of cell
division is temporary, but when new cells again begin
to divide they often show bizarre changes in their
inner structure,

Treatmeni of Radiation I'njuries

Many people believe that very little can be done in
treatment of radiation casualties. This is true in case
of a lethal dose; but certainly is not true when the
exposure is in the median lethal range. Many bor-
derline cases can be saved by—

a. Good medical and nursing care.

b. 'Whole blood transfusions, given as may be re-
quired in the individual case until the bone marrow
has had time to regenerate and produce blood.

¢. Control of infection by antibiotics, such as peni-
cillin,
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d. Intravenous feeding to supply necessary sugars,
proteins, and vitamins.

e. Control of the bleeding tendency by use of
drugs.

‘Whole blood would be required in great quantities,
primarily, to treat the casualties suffering from me-
chanical injuries and burns; secondarily, to treat vie-
tims of ionizing radiation.

It has been estimated that for a catastrophe such
as at Hiroshima approximately 250,000 pints of
blood would be needed, 80,000 per week for the first
3 weeks. Subsequent to this, there would be only a
nominal tequirement for whole blood. This time re-
lationship favors the possibility of obtaining blood
from donors, processing it, and transporting it to the
operations area, as it envisaged in the blood program
of the American Red Cross.

Equally, the time factor would permit evacuation
of victims to unbombed areas where better nursing
care, so essential to recovery, could be better pro-
vided.

After Effects of Radiation Exposure

Many people who recovered from radiation sick-
ness itself afterward died from tuberculosis, pneu-
monia, or some other disease which appeared as a
complicating factor during that illness. No unusual
ill effects, directly attributable to ionizing radiation,
have occurred among Japanese survivors. Whether
or not such after-effects will occur among these sur-
vivors will have to be answered in the future. There
are two possible after-effects from radiation exposure
that cannot be fully assessed for many years—effects
on heredity and effects on fertility (occurrence of
sterility ).

Since the demonstration in 1927 that X-rays in-
creased the natural rate of mutations in the fruit
fly, there has been much interest in the possibility
of similar effects of radiation on man. Mutations
have been produced in a variety of plant and animal
forms by acute as well as chronic exposure.

Mice bred up to six generations while continuously
exposed to 1.1 roentgen daily of gamma radiation
from radium gave normal litters and had normal life
span. Mice exposed to 8.8 roentgens per day, up to
a total dose of 880 roentgens for females and 1,100
roentgens for males, showed no genetic changes in
the first generation offspring. Single doses of 1,500
roentgens delivered to the testes of mice have pro-
duced gene mutations, both by radiation of the mature
sperm present, and by changes in the sperm-forming

40

cells, abnormalities of the feet, retardation of growth,
and anemia appeared in the offspring.

From these and other investigations, it is found :
that the likelihood of parents having deformed chil- §
dren after puffering sublethal amounts of ionizing ra- &
diation is very slight. ¥

Genetic Effects

A study of the Atomic Bomb Casualty Commis- |
sion in Japan deals with possible effects of massive &
radiation doses on human heredity. Any genetic of-
fects among the Japanese at Hiroshima and Nagasaki -
will show up in the offspring of exposed people,
though possibly not until the second and subsequent
generations. No such effects have been observed up
to this time, Perhaps 25 years must elapse before re-
liable information can be obtained about the effects
of radiation exposure upon heredity following atomic

bomb explosions.

Sterility

Another Casualty Commission study deals with the
fertility of the Japanese affected by atomic bomb ra-
diations blasts. lonizing radiation can cause perma-
nent sterility, but it appears to require about 45¢¢
roentgens, the range of the median lethal dose. Tem-
porary sterility occurred among many Japanese, bo
male and female, but the vast majority of them have
returned to normal. It cannot be stated that &§
returned to normal because investigators do not know
how many of them were sterile from other causes
before the bombing. Many have produced normal
children since their illness.

Cataracis

No significant development of cataracts, a growth
which makes the lens of the eye opaque and causes
blindness, has been noted among the Japanese as a
result of exposure to radiation, although a few have
been observed recently. Full evaluation of this
hazard must wait on lapse of sufficient time for full
development and investigation.

Injury Zones in Atomic Burst

Radiation injury sufficient to cause acute radiation
llness will occur frequently for wholly exposed per-
sons, even a mile from ground zero. Unprotected
people about 1,300 yards away will probably receive
the LD—50 dose of gamma radiation which will
cause the death of about half of them. Under 1,000

-
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In the following paragraphs of this section, types
of injuries to be expected at various distances from
ground zero, as judged by effects in Japan, are given
in summary. Measurements are of the radius of
concentric circles whose center is ground zero, di-
rectly below the point of explosion. The effects in
these zones will depend somewhat on local factors,
especially such topographical features as hills; and
the change from one zone to another is gradual rather

than abrupt.
Half-Mile Radius

Within a half-mile of ground zero, when the atomic
bomb is similar to those used against Japan and det-
onated about 2,000 feet in the air, the following will
occur:

The blast pressure created by the bomb explosion
would demolish all structures not reinforced con-
crete or steel construction. Even buildings of this
type would suffer 70 percent destruction, Persons
not sufficiently protected by shelter able to withstand
the blast undoubtedly would be killed by falling build-
ings or flying wreckage.

Intense thermal energy generated by the explosion
would cause fatal burns to unprotected persons and
would start fires in the wreckage.

Because of the concentration of ionizing radiation
nearly everyone not protected by earth, steel, or thick
concrete would die. The most serious cases would
succumb within a few hours to 4 or 5 days after ex-
posure. A second group would develop susceptibil-
ity to infection due to destruction of their white blood
cells and would die from 4 days to 6 weeks after ex-
posure. Another group would incur multiple hem-
orthages and die within 2 to 3 weeks from this
cause.

One-Half to One Mile

Structural damage due to blast and fire would be
general in the area outside the half-mile circle and
up to one mile from ground zero. Residential build-

Section IV.
The radiation dangers discussed so far are those

affecting people exposed to immediate injury from
the explosion of the bomb. Under certain conditions,

o e
ings would be almost destroyed. Only fire and -
shock-resistant buildings would be immune to any
appreciable extent. Casualties from flame bums,
blast effects, and injuries due to falling debris and
flying glass consequently would be prominent. Sec-
ond or third degree flash burns would be suffered
by people not protected.

Injury from ionizing radiation also would be seri-
ous, but as the distance from the explosion point in-
creases, shielding is more effective in lessening of
damage from the rays.

One to One and o Half Miles

Beyond a mile, blast damage would still be ex-
tensive to residential structures. Fire damage would
be extensive in inflarnmable areas. Flash burns can
be expected at this distance, Secondary injuries re-
main fairly prominent, in the absence of protection by
natural or artificial barriers. At Nagasali, steep hills
sharply limited the effects of blast and fire.

Radiation could be expected to be very prominent
among the causes of injury up to approximately one
and a quarter miles from ground zero. After that
distance, such cases drop off sharply,

SN
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One and o Half to Two Miles

At Hiroshima the average limit of heavy structural
damage was roughly 2 miles from ground zero. The
limits of fire damage would roughly coincide with
this boundary, except where wind causes wider ef-
fects. Flash burns will not be so severe in this area.

Although some Japanese at Hiroshima and Naga--
saki who were ill of radiation sickness were reported
to have been as far away as 114 to 2 miles, observa-
tions at tests held since then indicate this is impos-
sible.

Ower Two Miles

Structural damage due to blast and fire is appreci-
ably lessened bevond 2 miles from ground zero and
secondary injuries correspondingly decrease. The
maximum distance of a recorded structural damage
at Hiroshima, however, was 4.1 miles. Radiation
injury and flash burns would be insignificant in this
zone.

RADIOLOGICAL CONTAMINATION

radiological contamination could become a dangerous

after-effect of the explosion. A high air burst, on a
clear day probably would produce no dangerous
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contamination at all on the surface of the earth—
it did not in Japan—and people could enter the
area, even directly under the point where the bomb
exploded, immediately afterward without danger from
this source. This is because most of the residual
radiation js swept up into the atomic cloud by the in-
rush of wind that follows the explosion and is after-
ward dispersed into the general atmosphere, Most
of this radicactive material eventually will fall to
the earth but will be so dispersed and diluted that it
will rarely, if ever, be hazardous. Heavier particles
will fall first, so the greatest out-fall will be concen-
trated immediately downwind from the explosion
point. Here, again, no hazard occurred after the
Japanese explosions.

A burst close to the surface, or under water, would
increase the amount of contaminated material. When
a base surge occurred, heavy contamination might be
expected. The amount of such residual radioactivity,
and how long it would continue to a degree dangerous
to people, would depend upon many and variable
factors which are discussed in other reports of this
series. Residual radicactivity can be detected and
measured by trained teams using Geiger counters
and similar devices, and their measurements would
determine when and for how long it would be safe to
enter a contaminated area.

Residual radiation could come from three different
sources—(a) Fission products produced by the spilt-
ting of atoms in the bomb explosion and deposited on
the surface; (b) Unfissioned uranium or plutonium
so deposited ; and (¢) Materials made radioactive by
the radiation emitted during the explosion and either
already on the surface or afterward deposited there.
The radiation danger during the explosion comes
from neutrons and gamma rays. Residual radiation
does not include neutrons but comes from gamma
rays and from two other types of nuclear particles,
alpha and beta. The latter two are chiefly dangerous
when emitted by material lodged inside the body.

Alpha particles, which are positively charged he-
tium nuclei containing two protons and two neutrons,
have tremendous ionizing power—the factor which
causes injuries to people’s bodies—10,000 times that
of gamma rays. But alpha particles will be stopped
by an inch or two of air, by a sheet of paper, or by
the surface layer of the skin. Alpha particles are
emitted by unfissioned uranium or plutonium but,
of these two, uranium is only moderately radioactive
and so is not a serious hazard. Plutonium, however,
is several thousand times more radicactive than ura-
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nium and would be dangerous if lodged inside
Beta particles, which are negatively charged eleg
trons, have 100 times the ionizing powers of gammg
rays but can travel only a few yards through the aif,
Ordinarily, they also can be stopped by a sheet g
paper or by clothing, and will penetrate only al
a fifth of an inch into the skin, which they affect
much like a burn, Beta particles are emitted, alogi
with gamma rays, by fission products and
materials made radicactive by the explosion. Tig
gamma radiation would be the chief external radi
thread, but would be even more dangerous if the
stances were taken into the body. i
Radioactive materials can enter the body through
the mouth, through breathing, or through a wo

“They are particularly destructive when retained

the body for some time. Alpha and beta Wt‘d%
which can be stopped by the skin, meet no
barrier inside the body. If lodged there, ma;

that emit these particles can cause serious

In evaluating the radiation hazard from these

three main factors must be considered W

1. The chemical characteristics of a radloachg
element are important, because they determine
what organ the material is likely to be depost
Materials that behave chemically like calcium
deposited in bone. Plutonium and strontium are
such elements. A

2. If a material is taken in through the mouth,
solubility in body fluids is important. What
forms are we dealing with? How much is a
from the gastric intestinal tract? Fortunately, m
of the fission products are quite insoluble and 1
not be absorbed in significant amounts. Compomﬂs
of strontium, barium, and iodine are the most soluble,
Plutonium exists usually in the form of an oxifle
and only about five-hundredths of 1 percent of the
amount ingested is fixed in the body. Swallowed
materials must gain access to the circulating blood
before they can be deposited in an organ. Thus,
even in the stomach and intestines, they are, for all
practical purposes, still outside the body as far as
radioactive poisoning is concerned.

Once plutonium enters the blood stream, it may pe
carried to all parts of the body, and much of itJ3s
deposited in the liver, spleen, and bone. The mést §
significant points of deposit, as far as serious inj
is concerned, are close to the blood-forming ti
in the bone marrow. Here, because of the |
mendous ionizing power of its alpha particles it s
a constant source of injury to the adjacent tissgl
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If it remains in the body long enough, the injury will
result in the f_ormaﬁon of malignant tumors and
severe anemia.

3. The length of time materials remain in the
body depends upon their “biological half-life"—the
time required by the body to lose one-half the radio-
activity by decay and the body’s regular processes of
climination. This varies from hours to years with
the different elements. In the case of plutonium, the
piolagical half-life is 50 years.

The Plutonium Hasord

The amount of plutonium scattered, after a high
2ir burst of an atomic bomb on a clear day, may be
considered inconsequential. Even after a much lower
burst, contamination is negligible—one would have to
swollow the surface contamination contained in an
area of several square yards to get a dangerous
amount. The situation probably is not greatly
different when atomic bombs are exploded in

other ways.

Drinking Water Contamination

Much concern has been expressed regarding the
contamination of drinking water. In a high air burst
on a clear day, the fall-out of radioactive materials is
so small that dilution by the water insures safety.
The efficiency of the filtration plants, and the distance
of sources of supply from cities are further safety
factors, Fission products and fissionable material
have a tendency to adhere to any organic material
with which they come in contact. They will cling to
the banks and the bottom of lakes, to the pipes, and
other material to such a degree that it is probable
that very little would ever reach the populace. Water
containing one-millionth of a curie of fission products
per liter is considered safe for drinking. (This means
that about one atom in 250,000 billien billion is dis-
integrating ever second.) Many popular mineral
waters contain more than this. Hazards in the case
of a storm or base surge remain to be evaluated.
Testing for radioactivity is advisable. At Bikini,
sea water from a heavily contaminated source was
distilled {this is, turned into steam and condensed,
not merely boiled) and found safe for drinking
purposes,

Inhaling Radioactive Parkicles

As to the hazard of inhaling particles of matter,
the size of the particle is important. The nose filters
out almost all particles larger than 10 microns in

size {one inch equals 25,000 microns). It will N
. filter out 95 percent of all particles over 5 microns in

size. The size at which particles most readily pass
from the small air pockets of the lnng into the blood
stream is about one-half micron. Particles 1 to §
microns in size may, however, reach the lymphatic
system.

At a bomb burst, contaminated particles of this
size—the largest only one five-hundred-thousandths
of an inch in diameter—ascend rapidly into the
atmosphere. If they settle, as on a rainy day, they
usually attach themselves immediately to larger par-
ticles. The chances of inhaling a dangerous amount
of these small particles is small. A combat-type gas
mask will filter out almost 100 percent of all such
particles.

Contaminated Wounds

If one is wounded while in a contaminated area,
the hazards of the situation will depend almost en-
tirely upon the amount and kind of contamination
present, and the extent to which the contaminated
material is soluble in body fluids. It is difficuit to
conceive of a situation in which a sufficient amount
of contamination would be present to endanger life by
this means of exposure, although material introduced
into the blood is fixed in the body in a very short
time.

Such a wound should be cared for in the same
manner as any similar injury in an uncontaminated
area. Cleansing with soap and water is particularly
important, and possibly excising damaged tissue.
The wound thep should be closed. Amputation is
not indicated.

External Radiation

The chief external radiation hazard in a contami-
nated area will come from gamma rays thrown off
by fission products or by materials made radioactive
by neutrons or gamma rays during the explosion. Al-
pha and beta radiations will be dangerous, chiefly if
they come into actual contact with the skin, but it will
be necessary to guard against contaminated dust.
Filter masks, clothing tight at the wrists, ankles,
and neck, and tight-wristed gloves will afford pro-
tection against alpha and beta particle contamination.
However, material heavily contaminated with beta-
emitting material should not be handled, even with
gloved hands, since it can cause severe burns. Tongs
or equivalent instruments should be used. Clothing
should be discarded at the edge of the contaminated
area to avoid spreading radioactive contamination.
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Thorough soap and water bathing would be a valuable
precaution. Bodies that have been exposed to radi-
ation can be safaly handled.

Gamma radiation cannot be turned aside by such
simple measures as protective clothing, but dense
material, such as concrete, can reduce its icnizing
effect. Three inches of concrete will cut the amounts
of gamma radiation by haif, and the customary
9-inch concrete wall used in construction would re-
duce gamma rays to one-eighth their original potency.
However, the gamma radiation from a bomb is
measured in thousands of roentgens and, even at
distances of 700 yards from ground zero, 20 inches
of concrete wonld be necessary to cut down gamma
rays enough to prevent serious radiation injury.
Gamma radiation from contamination will not ap-
proach the power of direct bomb radiation. The
best protection against contamination that gives off
gamma radiation is to use instruments to detect its
presence and to avoid any dangerous concentration.

What is a dangerous concentration of ionizing
radiation? There is a general agreement that,
wherever possible, it is desirable to avoid all ex-
posure to ionizing radiation, This, of course, is
impossible, Radiation exists everywhere in the
world ; it comes from radioactive material distributed
throughout the earth’s crust but its chief source is
the bombardment of the earth by cosmic rays from
the sky. Human life has always been exposed to
this radiation.

In the atomic energy program, a standard has been
set, called the maximum permissible dose, which stip-
ulates an exposure which experts believe a man could
experience every day in his life without danger of

Section V.

Since the advent of nuclear explosives in the atom
bomb, with its attendant ionizing radiations in mas-
sive amounts, unfortunate psychological reactions
have developed in the minds of both the military
and civibans, This reaction is one of intense fear
and is directed against forces that cannot be seen,
felt, or otherwise sensed. The fear reaction of the
uninitiated civilian is ever evident. It is of such
magnitude that it could well interfere with an im-
portant military mission in time of war.

Whenever living cells are affected by ionizing ra-
diation, it is detrimental. It must be realized that
nature has been constantly bombarding the popula-
tions of the world with ionizing radiation since
the formation of the universe, by constant exposure
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injury, This has been fixed at 3 maximum of &g
tenth of a roentgen a day, with 8 weekly maxim,,
of three-tenths of a roentgen. But this standarg .
plies to daily exposures, a very different matter ¢,
a one-time exposure in emergency. Thus, in
course of @ medical study of a disease of the stan:.
or intestines, a patient may be exposed to sqﬁ,
roentgens in undergoing 2 series of X-ray examj
tions. X-rays of the teeth may subject the patie
to about 2 roentgens. It is clear that a persog m,
be subjected to 2 one-time exposure of many tip
the daily “maximum permissible dose” without
fering injuty.

In emergency operations, a person probably ¢y
be exposed to 50 roentgens of total body radiatig
without incurring injury and be able to continge 4
his duties. A persgn exposed to 100
might have some nausea and changes in the numpe
of blood cells, but most likely would be able to cony
tinue at his normal duties. Those exposed to 204
roentgens probably would become incapacitated afte
the injuries suffered began to take effect—probab,
a matter of some hours. In rare cases, as state
carlier, 200 roentgens might ultimately cause deatly

‘While acute exposures of 200 roentgens and mg
will result from atomic bomb explosions, radiatio
of this degree rarely will result from residual costtam;
ination deposited by a bomb. The rate of exposure
of considerable importance. A person who receive
600 roentgens in a single exposure within a period o
a few minutes will have small chance of sutvival, by
if a man received only 30 roentgens a day it probab
would take a total of as much as 1,800 roentgens t,
prove fatal.

‘Oetiteren

PSYCHOLOGICAL FACTORS IN ATOMIC WARFARE

to cosmic radiations and to radiations emanating from
natural radioactive elements, such as radom and
thoron.

This kind of injury must be considered, not stand4
ing by itself, but in connection with the total situation,]
that is, weighed in relation to the objectives in view,
both in regard to their importance under the circum
stances and their probability of attainment. Unless
it can thus be integrated with the whole philosophy!
of national defense, the atom bomb ¢an prove a Liabil
ity rather than an asset, .

Since it is impossible to stipulate all conditions o
experimentation and observation in most of the
articles written about radiation for lay consumption
an idea has evolved in many minds that any and al
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radiation exposure will cause immediate and mysteri-
ous injury or death. This reasoning is fallacious, but
it also is attractive and has become contagious.

The problem of radiation injury is not one which
can be easily simplified. In fact, over-simplification
of this danger may be the cause of a situation such
as we are combating at this time, It seems desirable
to explore radiation hazards more fully in relation
to other hazards which are considered more common
and acceptable.

The permissible radiation dose is 0.2 or 0.1 r per
day, or 0.3 r per week. It should no longer be
called the “tolerance dose” for no amount of radia-
tion should be tolerated without good reason. One
is willing, however, to name a dose so small that a
person might be exposed to it every day of his life
and suffer no observable injury nor shortening of his
life span.

When one is dealing with radiation technicians or
with industrial workers who are exposed to this
hazard daily in their life's work, one can easily see
how the maintenance gf exposure at or below this
level is a very desirable thing. Day by day contact
with radiation or radioactive materials demands that
2 low limit of exposure be adhered to, if one is to
avoid late complications of such chronic trauma.
Similar occupational hazards exist in all branches of
production—noxious gases and dust to the coal miner,
the steel worker, and the chemical worker. It has
been known for years that if a miner is subjected to
small amounts of dust containing silica that he eventu-
ally will develop silicosis, frequently complicated
by tuberculosis, and a fatal termination. For this
reason, methods of counting and analyzing dust have
been perfected, and forced ventilation systems have
been established to minimize the danger. This does
not mean that if an individual makes a one day visit
to a mine and inhales 100 times the daily minimal
allowance for miners that he will develop silicosis.
This tolerance limit has nothing in its definition
which refers to acute exposure. Neither is the 0.1 r
per day tolerance limit related to acute exposure in
radiation.

The total body dose of radiation received as an
acute exposure is known from therapeutic experi-
ence to vary with the patient. This and the lethal
dose for man have not received the same attention
from rule-making bodies that the “permissible dose”
has had. We may take 450 r as the median lethal
dose.

Going further down the scale, one may consider a
limit of 200 r, which may cause radiation sickness in

. sonnel.

50 percent of human subjects when delivered as an}
acute dose of total body radiation, Some subjects
may be quite sensitive to radiation and others quite
resistant, so it is difficult to calculate the precise ef-
fects to be expected. ,_

It is not unusual to subject a patient to multlple"
X-rays of the skull, spine, long bones, gastro-ingf
testinal tract, kidneys, sinuses, etc. in a relatively®
short space of time, thus subjecting him to a dose of¥
radiation which may well approach 25 r. i
procedures are not done without purpose and
benefit from the mformauon gained outwc:ghs

body radiation in doses of the order of 25 r to 100
have been given to patients for treatment of various *;
conditions. Again, these exposures are prescribed
for a purpose which outweighs the fear of radiation
injury.

It is not intended to underestimate or understate
the radiation hazard but, from a military standpoint,g
the physical danger must be evaluated against the ob-
jective to be gained.

War is fought with the knowledge that men will
be killed. Campaigns are planned with expectation
of losing so many thousand men, If you call these
“acceptable hazards” then it obviously is not wise to
treat radiation hazards very much differently. If
acceptance of radiation hazards will lessen the other
military hazards, then, that is what one should accept.
However, this can be done only if the attitude of the
men exposed is psychologically similar toward the
two types of hazards. If they are going to be as much
terrified by the knowledge that a recent atom bomb
explosion has contaminated the ground they are
walking over, as they would be by seeing one in ten
of their buddies fall by machine gun fire, one cannot
apply the “ideal” solution. What is dominant for
actual percentage survival is the resultant of all the
actual hazards but, for battle discipline and military
effectiveness, the dominant measure is not the hazard
itself but the soldiers’ estimation of the hazard.

Men at war suffer many hazards, acute and chronic,
besides bullets; malaria, venereal disease, exposure to
cold and wet, starvation, etc. Some of these, for ex-
ample, venereal disease, are underevaluated by the
soldier. Others, for example, filariasis, are grossly
over-evaluated. At present, radiation is perhaps
over-evaluated most of all, partly due to our great
care in Operations Crossroads. That operation was
conducted at the peacetime level of safety to per-
Unless we had openly proclaimed imme-
diate danger of war, the military level for hazardous
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training programs such as we had actually adopted
dunng the war, using live grenades and live ammuni-
tion in the machine guns, was not tolerable at Bikini.
It must be emphasized that acceptable hazards in a
peacetime operation cannot be adhered to in war time.

Psychological training for the military level of ac-
ceptable radiation hazard is possible and should be
prosecuted, even though operation field training does
not permit this to be accomplished at the present time.

We hear much about sterility as a result of ex-
posure to ionizing radiation. It must be borne in
mind that sterility results only from a large dose of
acute radiation, or from smaller doses over a long
period of time—a matter of years. Sterility also re-
sults from other accepted hazards encountered in
war, venereal disease is one of the foremost causes of
sterility, We are aware of hundreds of paraplegics
resulting from spinal fractures, gun shot wounds of
the cord, etc., during the last war who are not only
sterile but impotent. Leukemia may be another late
result in casualties from repeated radiation, but
amoebic dysentery and schistonomiasis carry a great
delayed hazard, and so does the effect of beri beri,
which was so prevalent among our prisoners of war.

In August of 1946 a large number of Japanese who
had recovered from radiation sickness were exam-
ined and found to be perfectly normal and were
handicapped in no way toward pursuing their way of
living. Such is not the case with thousands of our
soldiers who participated in “conventional” warfare
in World War II; they are handicapped by loss of
limbs and eyes. Neither is it true of many of the
Japanese who received no radiation injury but re-
ceived severs burns and traumatic injury as a result
of the bombing. It has been estimated that from S to
15 percent of the deaths at Hiroshima and Nagasaki
were due to radiation. Why then concentrate on the
15 percent and forget the 85 percent?

The atomic bomb was developed as a blast weapon
of war and strategically so used. The radiation effect
was never considered to be the prime component of its
effectiveness. The destruction attendant to the blast,
heat, and secondary fires was paramount. In Japan
there was no significant “poisoning” of the ground
by fission products or induced activity from neutron
capture ; yet many believe that the bomb is primarily
a weapon which destroys by mysterious radioactivity.
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It seems that local defense agencies in G
our cities which are preparing for defense agill
atomic bomb attack are thinking only of rad
Invariably they ask, “Where will we get %
counters?” Geiger counters are not their only’
lem—fire-fighting equipment is many times n§ P
portant, as well-organized rescue squads. ¥
bave been told that we will not be able to go
bombed city and rescue the injured.” Hiroshigh
Nagasaki disprove this. The residual radi
an air burst bomb js insignificant. The sipyl
prompt radiation occurs in a matter of microgg
and does not extend beyond a 2,000 yard &g it
Immediately after such a detonation, such as §
shima or Nagasaki, it is perfectly safe to enil
bombed area and rescue the thousands whose i}
will be such that they will not be able to walk.
evacuation of these injured is effected, thousandsJE
be burned to death by secondary fires. Such ?'j o
case at Hiroshima and Nagasaki. But how aboul Sl
underwater or ground burst? In such cases, ¢
the residual radiation hazards would be ir
many fold, but the blast and fire hazards 2
prompt radiation hazard would be proportionate
creased, and most probably the total numbu-
ualties would be less. 4

If one is to live with the atomic bomb and
have to use it again in the defense of our way o
ing, a practical attitude must be acquired nat g
toward its efficiency or limitations as a bomi
also toward the possible effects and limitations
“mysterious” radiation. It is necessary to recopgy
that the casualties caused by the blast and buen _.'i~
this weapon will be many times greater thu
deaths caused by radiation. And, further,
roneous idea that the rescue work of the injured
be impossible, due to residual radiation, must be'{
pelled.

It is of the utmost importance that we reca
that the radiation hazards are additional
They only add to the complexity and perhaps
the severity of the other hazards of total wark
Therefore, we must not and cannot concentrate g
this phase of atomic warfare to the detriment of ot§ 5
defensive preparations. Rather, we must know
understand the facts about ionizing radiations :f
are to survive the other dangers. by

A resumé of the personnel effects of radiolo
hazards is shown in table III.
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ability. DISTANCE.
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Beta 26 foet 100 | Mainly internal | Heavy clothing, gaa
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cause skin maaterial fike
lesions; high paper and DIS-
jonixing ahil- TANCE. Feld
ity. instruments
available.
Camma | Several 10,000 | External hasard,| Very heavy, thick
hundred moderate ion- |  materials like
yards ising ability. | lead, deep dug-
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N Essily dotocted
with the various
typea of field
devicesavailable.

| %eutron | Notlethal | Approx-| External hamard;} Protection required
beyond | imstely | inducesradio- | intermediate be-
600yarde] 10,000 | activity; very { tween Beta and
high jonising Gamma. Field
ability. detaction oot
available st
present.

3. DISPOSITION OF CONTAMINATED MATERIAY —s R
move to uninhabited sres and mark area clearly, b Wak with
solution of Hydrochloric wmd Citric weid; or ¢, Wask with G. L
Soap and Jote of warer; s o, Remowe surface by chipping, paimt
remover, sand blast, wbe. .

4. PROTECTIVE WARNING DEVICES—Pocket dn-mnuu,
fitm badges, lonizing chamber survey meters, Geiger Counters.

5. RADIATION SYMPTOMS, COMMON TO ALL TYPES
OF RADIATION-Namwa, vomiting, general lethargy,
rhages, diarrhea, losa of lmir, skin rash, destruction of the blood
producing organs (mainly by internal hazmrds), ete,

6. MILITARY TOLERANCE DOSAGE—No tolerance domage
for internal hazards has been established since minute internal
dosage may ba fatal Tu pescetime the maximom allowable toler-
for personnel working in or near extermal hazard radip. -
.3 roentgen per wesk (25R—the smallest dose mexsureably
y medics, 200 R—50 pet cant sickness, 450 R—100 per cent sichs
ness and 50 per cent desths, Y00 BE—100 per cent deaths. These -
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figures are highly theoretical and are ueed bere only to show prob-
ability of siciness and desth demtonstrate safety of military tolerance
dosage.

47



L]

POTENTIAL STRATEGIC AND TACTICAL USE OF .
ATOMIC WARFARE, OFFENSIVE AND DEFENSIVE

The use of naclear power in war has been, and wiil
continue to be, discussed by nearly everyone in the
country today. A few speak from experience; some
with authority; many with little real understanding
of the enormous implication and problems involved
in this type of wariare. Whether this free discussion
is good or bad, in a democracy like ours and within
certain limits, it sust be tolerated.

Much material on this subject has appeared in
print. Here, again, a wide range of opinions is ex-
pressed, some based on very umrealistic premises.
Some present an extremely careful evaluation of the
situation ; others indicate little deep thought. While
most published material has been wtitten by nonmili-
tary people, some material on the subject has been
prepared by members of the military establishment.

All of this emphasizes the important concern and
vital interest which both the public at large and the
military in particular attach to the subject of atomic
warfare,

In the time allotted for this topic, not much more
than a general over-all view of some of the most
fundamental aspects can be provided. Specific ap-
plications of principles presented are responsibilies
of command. Attention is invited to the fact that
when principles such as are discussed in this chapter
are applied to a specific military operation with its
concomitant Jogistics data, the security classification
immediately would become higher,

To begin with, it must be remembered that
basically the primary function of any military opera-
tion is to overcome the armed resistance of the enemy
and to take full command of the situation as a result
of offensive operations. It also is basic that this oper-
ation be accomplished with a minimum loss of men
and equipment. This concept is fundamental, regard-
less of the type of weapons used. The means to be
used, the jength of the operation, the tactics to be
employed, and the maximum loss of men and equip-
ment that can be expected by the attacking force ali
are determined by the importance of the objective
to be attained. The military principles and pro-
cedures used to resolve these problems for a particu-
lar operation are discussed in the varicus armed
service schools and are familiar to officers of the
armed services, and will not be reviewed here.
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Keep in mind that in delivering an atomic bomb|
attack on z city, for example, with its resulting wide-
spread destruction of property and lives, and taking
over of such a ruined city would not be an vnmixed
blessing. The victorious forces would have to as-
sume command, restore much of the facilities that
were destroyed, and furnish the immense medical
care required. This puts an exceedingly heavy
burden on the offensive force. The factor of dimin-
ishing return must be considered in the widespread
use of high energy atomic bombs against large cities
in enemy territory, especially where the contro! of the
tity is not important to field operations.

This principle of delivering an atomic bomb attack
on 2 city does not rule out, however, the possibility
of using the bomb on certain strategic and key cities, §
The partial destruction of a city or installation in}
enemy territory engaged in Jarge-scale production o
war matériel would certainly be worth an atomig
bomb. Large shipping centers; important concentra
tions, such as the Chief Military Command ; the seat
of a national government ; or other great organizationfi
centers that are directing the war effort would be
vital targets, upon which the expenditure of an atomic
bomb of high destructive power would prove of great
value. Staff studies of the relative importance offf
demolishing key war-making establishments of thel]
enemy, as balanced against taking over partiall
ruined cities in which communications, highways,}
water supply, and electric power systems have been ]
demolished, must be made.

The atomic bomb is not the only type of instrument
that can be employed in atomic warfare. Two or §
three years ago, when the technical knowledge of §
nuclear power and techniques of the manufacture of g
raw materials that go into atomic bomb construc-
tion were very limited, the military planned in terms §
of atomic bombs only. Since then, vast improve-
ments in the various processes involved in the manu- §
facture of the ingredients of the bomb have changed
the picture. Material that was considered critical and
scarce at that time is now available in fair quantities.

The availability of material for atomic warfare
changes the military planning considerably. The
planning can shift from strategic to tactical, and it
is now apparent that the military establishment can




in terms of using atomic bombs for tactical use,
_ < well as for strategic use. From this point of view,

)F the field and local commands would become directly
'E involved in atomic warfare. Such commands must
uide themselves accordingly, since equipment that
X . be used for tactical purposes becomes a potential
g an atomuc bomigg . .on for all units of the Army.
| 8 resulting WiGGEE  An important point for local commanders in con-
d lives, and ta kgl ection with the shift from strategic to tactical use of
not be an unmixeqlf .. warfare is the large increase in the number
would have to agll ", oined military personnel béecoming available.
‘ tb‘ facilities ~ ven with large quantities of bombs, an insufficient
- immense medicliR\ber of trained personnel would seriously diminish
exceedingly heavil,  offectiveness of any type of war machine for
he factor of dimirlgll  1;co) purposes.
m the wldesp. | With an increased number of trained personnel
against large citie@lf = 4 jarper number of atomic bombs available, it be-
e.thc control of comes possible to use this type of warfare on smaller
itions

and less important targets than under the strategic
plan of atomic warfare, It is quite certain, how-
ever, that atomic bombs will be used only after care-
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advancing our over-all military position.

The limited supply of atomic bombs likely to be
available to both sides is the key to determining the
defensive measures to be used against an atomic
bomb attack. The tactical plan for landing an am-
phibious force to take a beachhead is an example of
this principle. For example, it is conceivable that in
planning for a concentrated attack, the forces would
be constrained to assemble in a very dispersed forma-
tion prior to the engagement. They would mass to-
gether at the desired point of pressure such as a
beachhead, just long enough to accomplish the mis-
sion and then disperse again. Concentration of force
would have to be held at a minimum. This disper-
sion would reduce the opportunities of the enemy to
use the bomb effectively. Under these conditions,
such great operations as the Normandy landing prob-

type of instrumen
warfare. Two o
cal knowledge o
he manufacture o
¢ bomb constru

' planned m t ably would not be attempted.

m, vast improve It is to be noted that thus far the discussion has
dved in the mantll ..ntered around the use of atomic or nuclear energy
'_"15 “3“‘-'_ ChAng in the form of bombs of considerable size and explo-
'def"d ‘3““"3]. AN sive power. It is but a short step from the use of
in fair quantiticqill giole stomic bombs to the concept of dispersing
r atomic warfz radicactivity in small quantities over wider areas.
"s‘d“?bly - : This leads, naturally, to the concept of contaminating
0 tactical, and S large regions for strategic or tactical purposes. For

establishment ca: example, suppose the attacking force does not con-

-

sider a certain area important enough to oceupy, bat,
at the same time, does not want the enemy forces to
occupy the area. The dispersion of radioactive ma-
terial could be used to prevent continuous enemy oc-
cupation. In large scale operations, where it is desir-
able to by-pass smaller areas which might fall into
enemy hands, these areas could be placed in a radio-
logically contaminated condition so that, while they
would not be used by the attacking force, they also
could not be used effectively by the enemy forces.
Thus, a type of atomic warfare which offers an addi-
tional tactical maneuver, similar to that used in chem-
ical warfare to deny an area to the enemy, becomes
feasible. Its possible use in a future war therefore
should be considered by personnel engaged in prep-
aration of plans and in command positions.

Thus far nothing has been said about how the
atomic bombs are to be delivered to intended targets,
Delivery by air in specially modified aircraft is most
likely., Increased vulnerability of aircraft to enemy
action might make it necessary to consiler other
methods of delivery. Thought has been given to the
use of submarines for the transportation of the bomb-
load. Actually, delivery of the bomb might be ac-
complished in several ways. It might be fired from
the submarine, when surfaced near some coastal city,
or the submarine might deliver it in the harbor area
underwater.

Delivery of the radioactive contamination type of
weapon might be done in several different ways. The
use of aircraft for dispersion, the use of guided mis-
siles with the warhead containing radicactive mate-
rial, or the use of special drone planes all are possi-
bilities in connection with tactical and strategic plan-
ning. Another important consideration in the use of
atomic warfare is that of the logistics involved in the
production of such equipment. If the production is
to be done during wartime, when manpower and
material must be siphoned off from the war cffort,
evaluation must be made of this effort as compared
with the possible result to be attained by the produe-
tion and delivery of atomic weapons. On the other
hand, adequate defense against tapping the manpower,
resources, and materials during a national emergency
would be to stockpile such material during peacetime
when labor and material are not at a premium,
Long-range staff planning on the stock piling of
atomic bombs and other radiological weapons of war
has no doubt been done. It is suggested that military
personnel responsible for staff and unit planning
make themselves acquainted with such plans as may
now be available to them at their respective com-
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mands. Those responsible for training should see
that Command problems, practical experiences, and
troop training maneuvers include various phases of
radiological warfare.

One point should be emphasized. The intensity of
the radiological contamination, thought to be so
great when atomic bombs were first revealed to the
public, is found to have been grossly exagperated.
The radiation is not nearly as great as was at first
supposed. Much medical research on the effect of
radiclogical exposure on living tissue in animals has
been published. These results indicate that living
healthy tissue can tolerate considerably more radia-
tion than was at first supposed. It can be anticipated
that the radiological exposure dosage permitted under

wartime emergencies will be very mwuch higher than
peace time civilian laboratory tolerance dosages, The
health physics standards for laboratory workers, how-
ever, have been set at an extremely safe margin using §
a safety factor of several hundred times. And
furthermore, the labaratory dosage is set for an an-
ticipated long exposure of many years, while the
military is set for, at most, a few days.

Inasmuch as radioactivity is not detectable in any |
way by our senses until too late, recourse to instru-
ments must b¢ made. In addition, military intel-

ligence will certainly be involved in the strategic and Ji8

tactical problems of anticipating and counteracting 3
enemy radicactive warfare,
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¥ A careful distinction must be made between the

detectable in anfll .xpression “radiological dosage” and the “intensity
scourse to instrll of radiation.” Although these two physical quan-
n, military iate tities are definitely related, they carry distinct dif-
the strategic anfilR ferences in meaning. Dosage infers the total amount

of radiation received regardiess of the period of time
involved. Intensity of radiation, on the other hand,
iz an indication of the rate at which the dosage is
received. The word “dosage” is synonymous with
“exposure” used in photography. Exposure includes
both the intensity of the Jight as well as the length
of time the shutter is open. In the same way, dosage
involves both the intensity of the radiation and the
length of time one is exposed to that intensity of ra-
diation. The two quantities are related mathe-
matically as follows:

Dosage == Intensity X time

D{millircentgen = I (milliroentgen/hour) ¥ t{hours)
Ancther analogy between radiological dosage and in-
tensity of radiation would be to consider dosage in
terms of the total number of pills which a patient
would take and intensity of radiation as the number of
pills taken per hour.

It must be remembered that the permissible dosage
in time of an emergency is a command decision. It

ind counteractin

Section L. RADIOLOGICAL DOSAGE VS. INTENSITY

may go to five, twenty-five, or even fifty roentgens per
day. Expressed in milliroentgens this is 5,000, 25,000
and 50,000 millircentgens every 24 hours. .

A quick thumb rule formula to determine the
length of time one may rerhain at a particular spot
when the intensity of radiation is read on a field
survey meter is knmown as:

t (in hrs) = permissible dosage (mr)
meter reading (mr) (hr)

This formula can be computed mentally and is
useful when the daily permissible dosage, set by the
command, is known, and a meter reading is obtained
at the particular spot in guestion. For example, if
the command has set one roentgen per day as the per-
missible dosage and the meter reading at same spot
reads 200 milliroentgens per hour, simply divide 1,000
by 200 and obtain 5. Thus, one may remain at this
zpot for five hours and still be within the permissible
dosage established by the command. Although the
permissible dosage as set by the command usually will
be expressed as a whole number, it is simply neces-
sary to read the meter and divide mentally into the
permissible dosage expressed in milliroentgens.

Section II. INSTRUMENTS FOR DETECTING RADIATION

Fission products and unfissioned bomb material
continue to emit radiation for varying periods of time
after the explosion which might, under some circum-
stances, constitute 4 real health hazard. Obviously, it
is important to detect the presence of these radiations
and to measure their intensity. Instruments used for
this purpose are called radiac instruments {coined
from radiooctivity detection identification end com-
putation),

At present, most field types of radiation-detecting
instruments make use of two effects of radiation—
darkening of photographic film and ionization of
gases. The photographic effect is used in the film
badge (fig. 22); the ionization effect is used in the
familiar Gieger-Mueller types of survey meters (fig.

19}, the ionizationchamber type of survey meter
(fig. 20), and the pocket dosimeter (fig. 21).

The instruments using the principle of ionization
will be discussed first. The atoms or molecules of a
gas under ordinary conditions show no electrical
charge. A gas is made up of countless numbers of
atoms or molecules, almost all of which are electrically
neutral. In the presence of radiation, however, the
atoms assume electrical charges. If an external elec-
trical field is applied, these electrified atoms (ions)
will drift in a certain direction, thus constituting an
electric current. Such a current is known as an
ionization current.

How does radiation cause atoms to assume an elec-
tric charge? Normally, the negatively charged orbital
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electrons of an atom just balance the positive charge particle, the electron; and a positively charged par-

on the nucieus of the atom. Thus, externally the ticle, the electrically unbalanced atom. These two

normal atom exhibits no electrical charge. If, how-  charged particles are called fons, and the process of

ever, an orbital electron were removed from a normal  gorytion s called ionization. Thus, whenever an

atom, this atom would exhibit to the external world tom is fonized, it of jons is formed. T

an electrical unbalance of one positive charge and atom s fort ) f;pm of ions is formed, The mass
of the negative ion, and removed electron, is much

this atom would be positively charged. Note that by
removing one electron, which is itself negative, two  less than the mass of the positive ion, the electrically

charged particles are created—a negatively charged unbalanced atom.
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Figure 19, G-M type survev meters.

If a voltage is applied across a volume of gas in  the action of the radiation emitted by radioactive sub-

which some of the atoms have been ionized, the volt- stances in producing ions is of utmost importance be-
age will cause the much lighter negative ion to move  cause it offers a means of detecting its presence.

faster in one direction than the same voltage will To understand more fully the action which ioniza-
cause the much heavier positive ion to move in the tion plays in the operation of certain types of radiac
opposite direction. Since the positive ion moves so  instruments, consider the ideal situation shown in

much slower than the negative ion, only the effects figure 23. This ideal circuit consists of the ionizable
of the faster negative ion will be considered here in  volume of gas, some type of indicator to show the
describing the action of instruments, amount of ionization, and a source of voltage which

The removal of an orbital electron from a neutral can be varied from zero to about 1,000 volts, The
atom may be accomplished in many ways. However, relationship between the voltage applied across the
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Figure 20, [ITonization chamber type field survey meiers.

chamber and the response produced as recorded by
the indicator is shown graphically in figure 24. In
this graph the applied voltage is indicated along the
horizontal axis while the number of ions collected is
shown along the vertical axis.

Assume now that the volume of gas is being irra-
diated by a constant source. To begin with the volt-
age is set at zero. The radiation emitted by the radio-
active source will produce ions in the chamber, but
imasmuch as no voltage has been applied to the cham-
ber, the positive and negative jons move about in no
specific direction and, as a result, many of the posi-
tive and negative ions recombine, forming neutral

" atoms again. No indication is thus obtained on the

meter.

When a small voltage is applied, the ions that are
present will drift in such a way that the negative ions
are urged to the positive electrode (anode) while the
positive ions are urged to the negative electrode
(cathode) of the chamber, The voltage next is in-
creased by a small amount. Some of the negative
ions will drift toward the anode, thus causing the

indicator to show a feeble flow of carrent.  Increasing
the voltage increases the number of fons formed and
the speed with which they drift toward their respec-
tive electrodes, and this, in turn, mcreases the amount
of ionization cutrent which is recorded by the meter,
Gradually increasing the voltage causes more jons to
migrate to the electrodes, contribating to a larger in-
crease in the ionization current (region A, fig: 24).
This effect continues until a point is reached at which
no further increase in current is noted when the volt-
age is increased. This means that all the ions pro-
duced are collected at the electrodes as fast as the
radiation produces them. The voltage at which this
takes place is known as the saturaton voltage. Ioniza-
tion chamber type radiac instruments are gperated at
a voltage which will insure saturation for ] ,useiui
life of the battery. This effect is called ifiSJoriization
chamber region (reg'ion B, fig. ﬁ}.',‘N £
ionization chamber region only the i g’ 4 orig-
inally by the radiation contribute o, jzation
current as recorded by the meter. Figufe'd
the essential features of the jomization clﬁ.g;lber type
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Figure 21. Pocket dosimeters ond auxiliary charging wnits.

instruments. Further small increases in the applied
voltage cause no increase in the ionization current
produced. This is represented by the flat portion of
the curve. Since the ionization current is extremely
small, a very sensitive electronic amplifier must be
used to magnify the effect which is recorded on the
indicating meter (calibrated to read in millircentgens
per hour).

Beyond the ionization-chamber region, increasing
the voltage a little more causes the ionization current
to increase. It is obvious that some new effect now is
taking place within the chamber. At this higher volt-
age, the negative jons are attaining quite high speeds
at which the electrons have sufficient energy to knock
out electrons from surrounding neutral atoms. It is
these secondary electrons which now are contributing
to the previous effects.. As the voltage is increased
still more,” the number of secondary electrons in-
creases. These, in turn, acquire enough speed to
ionize more neutral atoms. AMN contribute to the
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ionization current recorded by the meter (region C,
fig. 24).

The production of secondary electrons caused by
collisions of the primary electrons is known as gas
amplification. The amount of gas amplification de-
pends upon the applied voltage and increases rapidly
with voltage. At low gas amplification there is a
region called the proportional region {region C, fig.
24). At present, this is not important for field sur-
vey detection.

A voltage is finally reached where the energy of a -

single electron is so high that it will “trigger off”
the whole series of secondary eclectrons. When the
applied voltage is so high that a single electron pro-
duces many avalanches of secondary electrons and
thus, in effect, “fires” the chamber, the gas is operat-
ing in the Geiger-Mueller region (region D, fig. 24),
Any radiation which will initiate a single ion within
the volume of the gas is sufficient to “trigger off” the

T et e it

EX g e

.o

PRI L




dly
i a

tr-

e e e Ak

Figure 22. Film badge and film badge holder.

reaction. Immense numbers of electrons move to
the anode and a large ionization current flows.

While the gas is in this condition, it is unable to
respond to any other radiation. Since radiation oc-
curs as a series of random shots rather than as a con-
tinuous flow, it is necessary after each “firing” that
the G-M tube be returned to its original receptive
state as soon as possible and be ready to respond to
the next incoming *‘shot” of radiation. Practical
Geiger-Mueller tubes and their associated electronic
circuits are so constructed that the inoperative time is
minimized. From this it is obvious that the Geiger-
Mueller type of instrument, while exceedingly sensi-
tive to very low intensities of radiation, becomes in-
operative for higher intensities. As its upper limit

of response it will go into continuous discharge, a
condition which gives meaningless readings on the
meter and which is detrimental to the tube. Geiger-
Mueller tubes often are referred to as counters, inas-
much as they are alternately operative and inopera-
tive, giving rise to pulses. The individual impulses
may be recorded by an auxiliary device such as a head
set, or they may be intergrated and recorded on a
meter. Figure 26 indicates the essential features of
2 G-M type of survey instrument.

From the above discussion it can be seen that the
Geiger-Mueller type and the ionization chamber type
of instruments have certain specific limitations. The
ionization chamber type instrument is not suitable for
very low intensities but is exceedingly good for high
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Figure 23, Ionizotion effect versus applied voltage—idealized circuit.

intensities. On the other hand, the Geiger-Mueller  the military requirements for field-type work, and an
type of instrument is limited to intensities of radiation = extensive research and development program is di-
below about 50 milliroentgens per hour, but it is ex-  rected toward improved imstruments.

ceedingly responsive to very low intensities. No To protect personnel against radiological hazards,
commercially available instruments completely meet it is not enough to know the intensity of the radiation.
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Figure 25, Basic principle ionization chamber ivpe field survey meter,

For a complete record, it is important to know the  the length of time of the exposure (fig. 27). Quan-
total exposure or dosage which an individual receives  titatively expressed, the exposure of roentgens is—
while in a radiation field. Radiclogical exposure or D=Ixt

dosage depends on the radiological intensity and on =~ where ¢ is time in hours of exposure and I is in-

METER
INDICATOR

>
TO AC PULSE
AMPLIFIER & ,
SMOOTHING
2 CIRCUITS

4| ale + ) —

§00-1000 VOLTS

USUAL RANGE OF AVAILABLE INSTRUMENTS
‘0OTO0 50 MILLIROENTGEN PER HOUR

Figure 26.  Basic principle G-M type field swrvey meter.
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of radiation in roentgens per hour. Ex-
" .4 with commonly used units—

" p(milliroentgen) = I(mr/br) X t(hr)
e Two devices widely used for determining radlc_v-
% . .| dosage are the film badge and the pocket dosi-

-e;; film badge is a simple device consisting of a
phic film especially sensitive to the type end
jtensity of radiation to be measured. The film is
' in several layers of paper and in some ap-
3 ;ons the badge is partly covered by a sheet of
E g’ such as lead. The paper effectively stops light
& omd all alpha particles. The sheet of lead stops the
? icles. The lead shield not only passes gamma
B iation but greatly intensifies the blackening of the
. §en from this type of radiation because of scattering
of the lead. This makes it possible to use a
" gingle badge to determine total exposure due to both
jeta and gamma radiation.
In use, the film is held in a small holder (fig. 22)
saitable for clipping to clothing. Developing the
fm after exposure to radiation shows a blackening
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Figure 28. Densitometers,
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effect similar to that produced by light on an ordi-
nary photographic plate. The intensity of film black-
ening indicates the amount of radiation received. The
densitometer (fig. 28) is used to measure the amount
of blackening,

Before the radiological exposure or dosage can be
determined from the developed film it is first neces-
sary to comstruct a calibration curve. Such a curve
for Eastman type K dental X-ray film is shown in
figure 29, This curve translates the blackening of
film due to radiation as measured on & densitometer
into radiological exposure in roentgens, The densi-
tometer thus is a direct-reading dosimeter when used
with the exposed film badge.

Film badges are cheap and give a permanent record
of the exposure of individuals. However, due to the
photographic processes involved and the numerous
handling operations, accuracy is not greater than 10
to 20 percent. The basic film badge may be modified
in a number of ways so that it may respond to one or
more types and amounts of radiation.

LY



One disadvantage of the film badge is that exposure
is not knownt until after the film is developed. In
some cases this may be too late. To obtain the radio-
logical dosage of an individual at any time, pocket
dosimeters are used. There are two general types of
pocket dosimeters, the nonself-reading type and the
self-reading type.

The nonself-reading type actually is an electrostatic
condenser, Such a condenser consists of two con-
ducting surfaces separated by an insulator. A definite
electric charge is placed on the dosimeter by an
auxiliary device known as @ minometer (fig. 21).
ITonization produced within the dosimeter by some
external ionizing radiation neutralizes this electro-
static charge. The loss of charge is measured by a
minometer calibrated to read total dosage in
roentgens.

The gelf-reading type of dosimeter operates like
a gold-leaf electroscope with one leaf fixed and the
other movable. ‘The movable leaf moves across the
built-in transparent scale calibrated in roentgens of

dosage. In use, the dosimeter is given an electrical
charge by means of a charging unit (fig. 21). The
total dosage can be read at any time, without the use
of an auxiliary instrument, by looking through one
end of the dosimeter at a light source.

To record neutron radiation, a specially constructed
pockst dosimeter is used. A neutron dosimeter is
similar in all respects to the nonself-reading type ex-
cept that the walls of the chamber are lined usually
with boron. A neutron pocket dosimeter and its
auxiliary charging and reading unit are shown in
figure 21,

A comprehensive personnel radiclogical monitoring
program would use both film badges and pocket dosi-
meters. Each individual wears a film badge and one
or more dosimeters. The film badge gives a perman-
ent record of the weekly dosage while pocket dosi-
meters give the daily dosage. The self-reading type
gives the dosage immediately but is more expensive
and more fragile than the nonself-reading type. Al-
though present film badges and pocket dosimeters are
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trial and research installations, they are not entirely
suyitable for military needs. Considerable develop-

guite satisfsctory for monitoring personnel in indus-  ment work is being done to produce suitable dosage
devices to meet the particular needs of the Armed

Forces.

Section III, TIME.INTENSITY PROCEDURE TO0 CONTROL EXPO-
SURE TO EXTERNAL GAMMA AND BETA RADIATION

The procedure for control of exposure to external
gamma and beta radiation after an atomic burst is
based primarily upon determining first, the var-
ious intensities of radiation within a radicactive area
and, then, the time personel may remain in any
particular part of the area in whick they must work
of remain.

Any contaminated area must be indicated clearly
by signs or posters as soon as possible. The signs
must indicate—that radicactivity is present, the in-
tensity and time measured, and the length of time
that personnel may remain without exceeding the
daily tolerance dose set by the command, Naturally,
the signs will have to be changed from time to time
because of the change in intensity resulting from
radicactive decay. Then, they must be changed in
accordance with the latest intensity readings. This
work must be dene under the supervision of the
radiological defense officer.

Certain areas may be ordered “off limits” and
clearly indicated and guarded as such. On the other
hand, it will be required that many areas be oc-
cupied for military needs or civil defense. A few
highly radigactive areas may have to be entered for
rescue or important repair work. For example, a
railroad station ordinarily catnot be neglected after
damage.

A practical method of determining the time which
personnel may remain in a radicactive area has been
explained in the paragraph on radiological dosage
v, intensity of radiation. The calculation is suf-
ficient for shart periods of time, but if the calculation

is made for a period of one-half day or more, the
error will be much too great. The reason for this
is that the radioactivity is changing all the time and
the intensity is considerably less aiter a few hours or
a day. It is to be noted though, that the time ob-
tained from the formuls given is slways a little less
(or much less for longer periods of time) than the
true fipure. Further calculation can be made to ob-
tain an acturate figure for the permissible time,
However, not everyone is expected to do the more
complicated problems. |

Actual calculations of this nature and interpre-
tations of chart readings as given in the last chapter
shouid be done by competent authority, or by some-
ane under his supervision, at 2 control center from
which the information can be disseminated expedi-
tiously, Too many personnel attempting to do their
own calculations would only cause confusion and
create error and misconception throughout the com-
mand. One control center with adequately trained
personnel is sufficient for one blast aren. Training
in this type of work is now given in the six-week
radiological defense schools. It i3 expected that the
radiological defense officers will give similar train-
ing to other personnel of their respective installa-
tions to assure that adequate qualified personnel will
be available as assistants for possible emergencies.

Where there is only an external hazard, contral
to prevent overexposure will be a rather simple
matter, but where contamination of radicactive dust
particles is present, there is a more serious problem.
Study of explosion phenomena in chapter 1II is
suggested here.

Section IV. TECHNIQUES FOR PROTECTION AGAINST
INGESTION OF INTERNAL HAZARDS

At any time that radioactive dust is present, the
danger of internal hazards is serious. Small dust
particles containing the radioactive atoms are easily
ingested by eating, drinking, or smoking. Thus,
personnel should not be allowed to eat drink, or
smoke until after they have been proved to be free
of contamination by being monitored outside the area.

Protective clothing and gas masks always should
be worn while in danger of radioactive dust. The
clothing does not shield against the radiation itself,
but it does prevent body contact with the dust par-
ticles which will continue to emit radiation. Any
sort of canvas or heavy fabric wrapper worn over
the shoes is helpful in minimizing contamination of
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the shoe. Standard Chemical Corps’ protective cloth-
ing with the gas mask is useful, but improvisations
may be made of any other disposable material, Long
underwear should be worn beneath the outer gar-
ment.

For high contamination the impermeable cloth-
ing is used. Air is almost completely shut out, pre-
venting body contact with dust. The hood covers the
head, neck, and top of shoulders. The bottoms of the
trouser legs and sleeve ends are drawn snug with
straps. The suit offers practically 100 per cent pro-
tection against contaminated air, but it is exceed-
ingly uncomfortable if worn without a cloth cover,

The cover is very important. It is worn wet over
the suit. The evaporation of the water keeps the
wearer c¢ool, allowing him to work for much longer
periods, The suit with wet cover may be worn for
one-half day or more. Without the wet cover the
suit can be worn only for one-half to one hour, As
the cover dries, more water is added to keep it damp
or moderately wet as required by the wearer. Two
people can easily work together with a supply of
water to wet or dampen each other, Caution should
be taken to keep the water free of contamination,
although slight contamination of the water would
not present a serious hazard because the suit would
prevent body contact with the dust. Contaminated
water would at least add to the problem of decon-
taminating the clothing and should be avoided unless
absolutely necessary to the wearer,

Items to be worn in high contamination are—

(1) Gas mask

(2) Impermeable suit (including hood).

(3) Impermeable boots or canvas wrappers to
cover shoes.

(4) Impermeable gloves.

Where it has been determined by competent
authority, or authorized personnel under his super-
vision, that contamination is not high enough to
warrant use of the impermeable suit, the permeable
type of protective clothing may be worn. Gas masks
must be worn. Here, again, the long underwear will
give added protection against body contact with con-
tamination.

It should be borne in mind that the permeable
clothing should be worn when permissible, Tt is
more comflortable and permits more freedom of body
action. The efficiency of the individual can be need-
lessly reduced through the over use of the imper-
meable suit. In fact, the need for the impermeable
suit would be rare.
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Items of permeable clothing and equipment are—
(1) Gas mask
(2) Hood to cover head and neck.
(3) Canvas legginge.

(4) Canvas bootees or disposable wrappers,
if available, to cover shoes and ankles,

(5) Fatigues.
(6} Gloves.

Figure 30 shows the impermeable suit. Figure
31 shows the cover worn over the impermeable suit.

All persons leaving a contaminated area should
report immediately to the most convenient person-
nel decontaminating station where they will be de-
contaminated and receive fresh clothing.

Figure 32 shows the dress for normal field sur-
vey while figure 33 shows normal dress when air
contamination is present.

Pigure 30. Impermenhle suit.
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Section V. DECONTAMINATION

The subjeet of decontamination is still under seri-
ous study, and thus far only slow progress has been
made. Decontamination actuafly constitutes such a
problem that it is wisest to avoid contamination, if
possible. There is no practical way to destroy radio-
activity. Since radioactive decay, a nuclear process,
is entirely mmaffected by chemical reaction, decon-
taminating solutions such as are used in neutralizing

Figure 31.  Impermeable suit with fabric cover.

Figure 32. Dress for normal field surony.

mustard gas contamination are of little value in this
new situation. Radiological decontamination has as
its objective the freeing of an area from persistent
radioactive agents. This involves the actual removal
of induced radivactive isotopes, fission products, and/
or unfissioned parts of the fissionable material of the
bomb itself.

Currently accepted practices of decontamination
include the following procedures :

The immediate reduction to a minimum of that
contamination of personnel and wital installations
which has not been avoided. This may include—

Complete bathing, monitoring, reclothing, ad-
mipistering medical treatment where re-
quired, and evacuation of affected per-
sonnel. : :

Washing and scrubbing exposed surfaces to free
them of loose contaminating particles.

Temporarily covering short-range emitters (al-
pha or beta) with a coating, such as paint,




which will provide at least a partia] shield
against the emissions.

Subsequent thorough decontamination of impor-
tant matérie]l may include—

Repeated scrubbings.

Removal of closely adhering particles by chem-
icals such as citric or hydrochloric {muri-
atic} acids, which render the particles more
soluble.

Removal of the surface to which the particles
cling by the use of paint-removing solu-
tions, scraping, or possibly wet sandblast-
ing.

The value of such operations should always be
weighed against the possibility of tem-
porary or complete abandoment of the area
or installation, or of prescribing certain
maximum periods of working time for per-
sonnel ahsolutely required to enter dan-

gerous areas.

Figure 33. Normal drecs for air comtaminotion,

L7

The prevention of the spread of contamination
may be accomplished by—

¥

Preventing access to particularly “hot areas’
by proper isolation, which will include
plainly marking-off dangerous areas.

Using great care in disposing of grossly con-
taminated objects and the waste water and
waste materials used in removing contami-

nating particles.

Carrying out a carefully prescribed ventilation
doctrine (filtration) in the case of ships
or air-conditioned shelters,

Improvising a change station, or decontamina-
tion center for the thorough decontamina-
tion of personnel and their clothing and
equipment before returning to a clean or un-
contaminated area after exposure to pos-
sible contamination. Contaminated per-
sonnel must wash themselves (paying par-
ticular attention to hair, feet, hands, and
finger nails), possibly many times, until,
upon being monitored, their bodies are
found to be at a safe level (at Bikini—Twice
background count). Clothing must be
changed and the contaminated clothing
laundered, or if repeated laundering fails
to decontaminate it, it must be destroyed.

Considerable original thinking and experimen-
tation still is needed in order to give practical answers
as to what corrective measures can be applied in fut-
ure situations involving radiological hazards. Cur-
rent and future development of radiation detection
equipment will probably result in more practical
and more effective instruments than those now avail-
able to assist the monitor in the conduct of a radio-
logical survey. Surfaces of such smoothness and low
porosity that they can be easily decontaminated will
possibly be developed for structures and equipment.
or perhaps surface finishes which can be removed,
when necessary, carrying the radicactive particles
with them, may prove one answer to the problem of
radiclogical decontamination. These problems should

g

be seriously considered. Research on these matters is

being continued both in the laboratories of the Atomic

Energy Commission and in such installations as the §

Naval Radiological Defense Laboratory, San Fran-

cisco Naval Shipyard, San Francisce, Calif. It is ex- §

pected that these studies will shed light on the best

methods and materials to be used in decontaminating § |

radioactive surfaces,
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Section VI. PERSONNEL DECONTAMINATING CENTER

A station for decontaminating personnel contami-
nated with radioactive materials can be constructed
similiar to the present chemical decontaminating sta-
tion. Actually, one station might serve both purposes.
Considerable experimental work has been done an
designing a standard station, and further informa-
tion is expected to be forthcoming. However, the
general plan of present stations will not be changed.
The basic principles are illustrated in figure 34.

Any station must consist of at Jeast three funda-
mental elements—an undressing room; s decon-
taminating, or “clean-up” room; and a dressing
room. In the undressing room, boxes or bins are
placed in convenient rows for collecting contami-
nated clathing. A bin is needed for each item of cloth-
ing—a bin for gloves, a bin for shoes, a bin for

. leggings, etc. Separating the clothing item by item

aids in decontaminating them later. Benches must be
at hand to permit ease of undressing. Since the first
room may contain considerable contamination, an air
lock, therefore is constructed in the passage to the
decontaminating room.

A second, or auxiliary, undressing room between
the first room and the shower room is helpful, Here
the inner and less contaminated items such as under-
wear, or possibly sweaters or jackets worn beneath
the protective suit int cold weather, may be deposited.
Then, the clothing may be placed in decreasing arder
of contamination, thus minimizing the problem of de-
contaminating it.

Good showers are mandatory. Radiological de-
contamination is exceedingly difficult because minute
dust particles lodge in the pores of the skin and on
the hairy parts of the body, often making several
scrubbings necessary. Heaters, or a furnace for heat-
ing water, are greatly needed for such difficult clean-
ing work, but under no circumstances should a de-
contaminating procedure be stapped or excluded be-
cause of lack of hot water. If hot water is not im-
mediately available when needed, the decontamina-
tion should be begun immediately, and then all effort
possible made to obtain hot water.

A first aid room is best situated near the shower
room, preferably near the passageway to the dress-
ing room. There is no need to place the first aid
room before the shower room because a shower is
usually taken first in radiological first aid. The Med-
ical Corps will have its own means of decontaminat-
ing and caring for serious casualties unable to shawer
themselves.

A small space for monitors is needed at the exit
of the shower room. Care must be taken to keep
benches or storage bins far enough away from the
door to allow ample room for at least two monitors to
examine two people freely. Approximately 5x5 feet
of space is sufficient.

The dressing room should be constructed of hard,
smooth surface material in order that it may be
cleaned thoroughly, Storage bins for fresh cloth-
ing should be placed neatly near the wall to safe
space for dressing. Too little space to dress may
cause delay and hold up decontaminating procedurss.
Furthermore, neatness in the dressing room promotes
adequate cleaning.

Cleanliness is paramount in a decontaminating
station,

The station illustrated in figure 34 has been used
experimentally. It is estimated that this station is
adequate to handle approximately twenty persons
every twenty minutes if they are properly trained.
Naturally untrained personnel will require instrue-
tion throughout the cleaning procedure and will
consume much more time. This must be taken into
consideration when planning the station.

In planning any decontamination station, one
should consider the following

(1) An estimate of the number of personnel
expected to be served per hour.

(2) A location as convenient as possible 1o
the personnel to be served.

{3) A location not likely to become contami-
nated.

{4) Availability of water

(5} Route of approach.

(6) Route of departure.

Section VII. CONTROL PROCEDURES FOR ISSUANCE OF
EQUIPMENT AND PROTECTIVE INSTRUMENTATION

As previously pointed out, much of the currently
available radiac equipment does not meet military
requirements. The Armed Forces through their
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various research, engineering, and development di-
visions are engaged in an intensive program which
will result in supplying radiac equipment for mili-
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tary needs in the very near future. As these pieces
of equipment emerge from the rigid testing schedules
and the supply becomes adequate, T /O&E's will
be promulgated for individual military commands
to follow,

In the meantime, each military unit will use such
commercial equipment as is curvently available.
Where no standardized procedures have been estab-
lished local autherities will find it advantageous to
institute some routine procedure in order to pro-
long the life of the instruments and to control the
accountability of the equipment. To assist jocal com-
mands in setting up these control procedures until
such time as official T /O&E’a are issued, the various
aspects of radiac equipment contro) are discussed
below. The factors presented also are suitable for
Civil Defense authorities in coordination with local
army activities in setting up radiac control proced-
ures.

The problems involved in setting up an adeguate
control for the issuance of the many radiac instru-
ments and protective devices involved in a very large
organization and extensive operations are numer-
ous. It is not possible, in this short space, to point
out or even to anticipate all the problems that are
bound to arise and that have to be met. It is, there-
fore, the purpose of this section merely to outline
the various steps involved in such a program and
to add, wherever possible, additional statements of
caution, It will be the duty of the radiological de-
fense officer for the activity to initiate, set up, and
direct the procedure involved. Much of the success
of a radiological defense mission will depend on
how well this particular job is accomplished, for
without instruments, any radiological defense opera-
tion will be much like a blind man leading the blind.
Consequently, much thinking and great effort must
be brought to bear on the problems of setting up
proper, adequate, and effective control procedures.

Basically, it must be emphasized that the equip-
ment and instrumentation required must be avail-
able and in operating condition. Al effort should
be pointed in the dicection of performing this basic
requirement.

Effective control procedures must involve the
following steps:

1. Requisitioning the necessary equipment and
in the right guantity.

2. Receiving the equipment when it arrives.

3. Checking the equipment to see that it is
what is needed, the proper amount, and
that it is in good shape.

The proper storage of the equipment.
The proper lower echelon calibration and

maintenance of the instruments.

Proper amount of spare parts, batteries,
tubes, etc.

Issuance control to the operating person-
nel.

Step I-—Requisitioning the equipment. A
search should be made of the local mili-
tary activity to determine the official di-
rectives on the procurement of equip-
ment.

Step 2—Receiving, and Step 3——Check-
the equipment when it grrives. This
particular phase of the problem is largely
in the hands of the local radiological
defense officer and his assistant. Gen-
erally, army equipment is shipped
with instruction manuals. These books
should be carefully filed in order that
they will be available when needed.
They should be consulted frequently for
detailed information on the particular in-
strument covered. It is very important
upon receiving equipment not previ-
ously stored to see that replacement
parts, batteries, etc, are available at
the same time, so that the new instru-
ments may be kept in proper operat-
ing condition,

Siep 4—~Storage. As more and more of the
instruments issued meet military speci-
fications, it can be expected that the
storage problem will decrease in im-
portance. Instruments will be built to
withstand wide ranges of local condi-
tions, such as temperature and humidity.
Commerciaily available instruments, on
the other hand, will require more care.
At the present time, most of them need
to receive attention regarding meisture
and terperature protection. Some at-
tention also must be given to stock con-
trol, so that as instruments and sup-
plies are used, adequate replacements
will be ordered in sufficient time to be
available when needed,

Step S5—Lower echelon calibration and main-
tenance. Most radiological equipment
is similar to other electronic equip-
ment, For first echelon maintenance
the primary emphasis will be on the
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replacement of the batteries and pos-
gibly a few minor items, such as tubes.
However, for major repairs, it is an-
ticipated that properly trained per-
sonnel will be available. It is important
to know where these trained personnel
are located at any particular military
installation so that, in an emergency, in-
struments may be dispatched to these
agencies with a minimum disruption of
service, Here, again, the technical man-
uals furnished by the Army with the
equipment provide the best and most
teliable source of information.

Step 6—Spare paris comirol. This feature

raises the ptoblem of having sufficient
spare parts to maintain the equipment at
first echelon maintenance stage. An
important responsibility of the using
activity is the proper calibration and
maintenance of all instruments. If large
anumbers of instruments are involved,
it is best to set up a standard calibrating
procedure which can be employed easily
at a moment's notice. If film badge serv-
ice is to be included, then a standard
operating procedure for the calibration
and development of film badges should
be initiated.

Step 7—The conirol procedure for the actual

issuance of the equipment fo operating
persomnel. The purpose of establish-
ing the control procedure is to main-
tain an accountability system. This is
made necessary by the large number
of items and the frequency of issnance.
In farge installations such a procedure
will certainly necessitate the setting up
of an issuance room where operating
personnel will turn in their instruments
daily and have their equipment checked.
In addition to a physical count of the
instruments as they are turned in, the
condition of the instruments must be
checked to determine their condition for
reissuance. Under an actual emergency
condition this might require the main-

tenance personnel to function after duty
hours and throughout the night, so that
all equipment will be in top shape for
issuance the following morning. If the
large film badge service or other dos-
age recording devices are to be issued
and adequately processed, a great num-
ber of personnel will be involved in the
large amount of record keeping which
will be necessary.

Many agencies of the Department of the Army are
involved in the instrumentation for radiological war-
fare, To the Signal Corps has been given the
cognizance for the development and maintenance
procedure for the Army of all electronic radiological
instrumentation. Film badge service and the con-
comitant procedures involved are under the cogni-
zance of The Surgeon General of the Army. The de-
velopment of the various types of chemical dosage
indicators to mest the military requirement of the
Army Field Forces is under the cognizance of the
Chemical Corps of the Army. These agencies will
issue specific directives irom time to time covering
the various instruments, devicas, and indicators un-
der their cognizance. It is important that every ra-
diological defense officer keep himself thoroughly ac-
quainted with these directives.

A helpful point to keep in mind is that all operat-
ing procedures should be held at the absolute mini-
mum so that everyone involved may quickly and
easily learn to follow them; to keep these proced-
ures as straightforward and as simple as is consis-
tent with the problem involved. For first echelon
calibration and checking of instruments, it might
be sufficient simply to check several instruments.
By comparing several instruments, it is easily deter-
mined which is the defective one. Bear in mind that
under emergency conditions the tolerant dosage will
be considerably higher than under peacetime labor-
tory operating conditions. Hence, it is not necessary
that instruments be calibrated with laboratory preci-
sion. They should give a reading that is of the right
magnitude and within a reasonable amount. Good
protection policy would inciude a certain safety factor.
Hence, the extra effort and care in trying to main-
tain radiological survey instruments at laboratory
accuracy is cumbersome and unnecessary.
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CHAPTER 7
COMMAND ASPECTS IN ATOMIC WARFARE

Section I.

This chapter covers certain command problems
arising from the radiation hazard and presents them
from the commander’s point of view.

An enemy undoubtedly will mark certain of our
vital areas as key targets for atomic attack. These
areas, althongh marked for atomic catastrophe, will
not necessarily be doomed. It is these areas which
present problems of direct concern to radiological
advisers. o

In an air burst of an atomic weapon, the predomi-
nant effects are blast, radiant heat, instant radiation,
and secondary fires; the secondary effect is radioac~
tive contamination which is relatively small. In the
downwind direction, areas may be found slightly con-
taminated by radivactive material falling out as it
is carried along by the wind. This occurrence is
frequently referred to as “fall out”, The degree of
contamination will not be a primary hazard. (See ap-
pendix V.)

In an underwater burst, the predominant effects
are radioactive fall-out coatamination and water-

GENERAL

propagated blast and they constitute an extremely
serious threat. The water absorbs, shields, or miai-
mizes the effect of mstant radiation, air blast, ra-
diant heat, and secondary fires. In order to obtrin
an extremely large volume of highly radioactive ma-
terial on a target, the effect of biast and heat is
reduced.

The probable results of a subsurface burst are
purely speculative, but some broad conclusions can
be drawn by analogy with the underwater burst.
Predominant effects would be radicactive contamina-
tion (from the fall-out of soil-trapped fission prod-
ucts and from neutron-induced reactions in the ele-
ments of the soil) and, to a less extent, air and
ground shock wave Secondary effects would be
instant radiation, radiant heat, and fires. Since
the dissipation of the heat generated in a subsurface
burst could be expected to be slower than in an
underwater burst, the cloud would rise higher and
would be influenced to a greater extent by wind
conditions.

SectionIl. RADIOLOGICAL DEFENSE

Radiological defense is defined as the protective
measures taken to minimize personnel and matérial
damage from radioactivity, and is interpreted to in-
clude measures such as—

8. Training, organization, and distribution of per-
sonnel.

b. Development, provision, and maintenance of
fixed and portable structures and equipment.

¢. Development of techniques and procedures in-
cluding use of detecting equipment, protection os
removal of exposed personnel, and decontamination
of personnel, equipment, structures, or terrain.

ARMY PLAN FOR RADIOLOGICAL
DEFENSE

The purpose of this plan is to establish a radio-
logical defense organization within the Department
of the Army (See app. VII.) This plan provides
for—

a. The protection of Army personnel, units, and
establishments against the effects of radioactivity, and
the maintenance of the operational efficiency of the
army in the presence of radiological hazards.

b. The support of civil radiological defense con-
trol and relief measures in accordance with the
Army’s established policies for providing assist-
ance to civil authorities in connection with disaster
relief operations.

Command responsibilities. The radiological de-
fense training of the unit and of the individuals in
the unit, and the protection of the unit against radio-
logical hazards, are basic responsibilities of com-
mand.

Responsibilities of Deporiment of the Army
agencies. o. In the implementation of the Army
radiological defense program, responsibility for opera-
tional control measures, training procedures, research
and development, and logistical support will be
charged, wherever possible, to those Department




of the Army agencies now performing similar func-
tions within their established fields of responsibility.

b. Certain fields of responsibility with respect to
radiological defense organizational and training func-
tions are enumerated in chapter 8.

¢. Fields of responsibility pertaining to research
and development activities in the field of radiological
defense, and to the logistical support of the Army
radiological defense program, will be determined
and promulgated by the Assistant Chief of Staff,
G-4, Logistics, General Staff, United States Army.

Some of the specific aspects which might be ex-
pected to come up for consideration in most com-
mands are—

Setting up roster indicating radiologically ex-
posed personmiel and keeping permanent
records of radiation exposure.

Manner of reporting areas of radiation con-
tamination for intelligence purposes.

Procedure of reporting by subordinate units of
new or unexpected means of employment

of atomic weapons by an enemy.

A number of special staff officers will be af-
fected by the new requirements of radiological de-
fense in accordance with specified policy or the wishes
of the commander.

1. The staff chemical officer is a member of the
special staff. His duties as specified in FM 101-5 are
given in detail here.

o. Exercises aperational control of all chemical
units not assigned or attached to subordi-
nate commands.

6. Advises the commander and staff on chem-
ical matters including the coordination of
the use of biological agents, incendiaries,
and smoke by the various arms,

¢. Determines requirements for, procures,
stores, distributes, issues, and documents
chemical supplies.

d. Makes recommendations for procurement
and employment of chemical troops and
their allotment to subordinate units.

¢. Prepares and supervises training programs
of chemical units under his operational con-
trol, and exercises technical supervision over
chemical training throughout the command.

j. Plans and supetvises chemical operations,

including the following:

Section II1. SPECIAL STAFF DUTIES

Countersabotage and countersubversive plan.

Dissemination of information concerning the
enemy’s capability of employing atomic
weapons, including possible targets, means
of employment, and time of attack.

Unit training of unit gas officer and noncom-
missioned officers within unit schools.

Requirement of the command for specialized
{such as moniter, decontamination, and
photodosimetry) training, all training to
be at specialist schools.

Training within the command, such as general
indoctrination, unit training, combined
training, and exercises.

Unit standard operating procedure t¢ minimize
radiological hazard.

The alert and alarm plan and active defense
plan.

Class IV items necessary to cope with radio-
logical problems.

(1) Estimation of the requirements of all
chemical-filled munitions to all units of the
command.

(2) Employment of mechanical smoke gen-
erators and smoke pots for extensive area
screens.

(3) Chemical defense, to include gas-proof-
ing of enclosures and installation of collective
protective equipment.

{4) Decontamination.

(5) Employment of toxic chemicals in
tactical, operations.

(6) Radiological defense survers and the
determination of radiclogical hazards.

(7) DBiological warfare survey and the de-
termination of biological hazards.

(8) Operation of maintenance and repair
facilities and processing plants, including the
field filling of chemical munitions, that may be
established within the command.

(9) Examination and processing of captured
chemical supplies.

(10) Collection, evaluation, and dissemina-
tion, in coordination with G-2, of information
concerning enemy chemical warfare activities.
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2. The medical officer would be interested pri-
marily in the health and physical condition of the
command. He may provide for the development of
film badges and maintain exposure records on mem-
bers of the command. He advises the commander
when radiation exposures constitute a damaging
physical hazard. In accordance with directives irom
higher authority, he establishes the exposure limits
for the command. He is responsible for the tre-
mendous task of setting up & plan for the evacuna-
tion and treatment of casualties and for the execu-
tion of this plan after an attack. He also may be
called upon to assist in handling civilian casualties,
particularly in zone of interior attacks. It is im-
perative that medical personnel operute in the dis-
aster area as soon as possible; in the event of an
air burst, they will most likely be on the job before
a rapid survey can be completed. For the sake of
the injured, and for the sake of the morale of those
uninjured, immediate and efficient handling of cas-
ualties resulting from nuclear weapon attack is man-
datory.

3. The engineer officer would aupervise the con-
struction of installations required for radiological

defense. The engineer consults the radiologicai de-
fense officer concerning the optimum protection to
be gained through special types of construction and
the location of new shelters, personnel decontamina.
tion stations, and special command posts.

4. The signal officer would be responsible for
supervising storage and repair of instruments at the
command level, He might also receive and issue,
in bulk, film badges and photodosimetry equipment.
He also may be required to provide photographic
dosimetry facilities.

5. The many other special staff officers would
have individual problems which would be worked
out by cooridination with the radiological delense
officer or by direct instruction of the commander.

After all staff members’ recommendations have
been submitted and consolidated, the operations of-
ficer transiates them into an SOP which forms the
basis of radiological defense within that command.
This plan gradually undergoes changes as it is re-
peatedly put to test or as the command receives new
instructions, until it is eventually sound and practical.

Section IV. SPECIAL PROBLEMS

Much profitable information and guidance can be
extracted from experiences in operations invalving
large-area radiation contamination. A command
problem which was potentially very serious arase at
the Baker test of Operation Crossroads. The Baker
test explosion was different from those at Hiroshima
and Nagasaki; in Baker test, there was an added haz-
ard from the radioactive materials trapped in the
water and rained on the target vessels. Men walked
through radioactive material scattered over the decks
of the ships, tracked it around, and got it on their
clothing and exposed parts of their bodies. Since they
could not see, feel, or smeli it, they did not respect
it, but they could eat it and they could inhale it.

At Bikini, operations could be interrupted any time
plans, group training, or operational techniques be-
came inadequate to assure complete protection to
personnel. During combat, however, plans and train-
ing must be such that an organization can continue
to function.

After the Bikini operation was discontinued, the
target vessels were towed to Kwajalein and anchored
in the lagoon for long-term storage, The need for
further work on the vessels was apparent, and it also

was evident that a complete quarantine of the ships
would not remain practical. The ships contained
large amounts of high explosives, including some
experimental ammunition and some obtained from
foreign navies. Removal of this ammunition was
necessary, and the longer operations were deferred,
the more dangercus the work would become.

Frequent briefings of the men were held by the
officers to impress the need for caution, not only
agninst the dangers from radioactivity but also
against the dangers of handling explosive materials
and working in poorly ventilated spaces. The pro-
tective restrictions which were established were more
than those used at Bikini. Every tendency to relax
precautions had to be countered by a psychological
campaign on the part of the officers to insure com-
pliance. This is typical of what may be expected
in the future. If the nature of the danger is not di-
rectly cbservable, the control of the troops will present
a complex problem. There is a vast difference be-
tween impressing a man with the fear of observable
physicial injury and impressing him with respect
for invisible radioactivity. If fear of radicactivity
is taught, the efficiency of atomic weapons will be in-
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creased. If proper respect is not instilled, the toll
of lives will be increased.

It seems that the command difficuities to be en-
countered and the lessons to be learned in atomic
warfare will include a repetition of some of the dif-
ficult experiences at Kwajalein. There will be others
that are more complex.

The value of any cobjective should be weighed
against the cost of achieving it. The costs of achiev-
ing radiological objectives are not readily observable.
When a man has been subjected to some cumulative
absorption, which will be referred to as military
tolerance, his usefulness for radiological defense (or
attack) is impaired. Further exposure will increase
the liability of his becoming a casualty. When a
commander bas held his troops in an area of high
radioactivity until he can observe the physical ef-
fects upon them, he has held them too long.

The commander of the future must understand
the nonperceptible hazards of atomic warfare and
imow how to evaluate them accurately. He also must
know how to weigh the normal, calculated risks
against the value of his military objective. He must
understand the nature of radioactivity and the sfow-
ness with which it acts and makes itself evident. He
must be willing to accept the advice of a technical
staff on such matters just as certainly as, under
other circumstances, he would accept the informa-
tion of troop losses. He cannot shift to technical
personnel the responsibility for failing to drive on
to his military objectives, but he must give proper
weight to their advice. Military command remains
in his hands and cannot be usurped by the advisor
or the radiological monitors, but the commander can-
not act efficiently if he ignores the advice of such
technical personnel, who in such instances would
actually give far more advice. They would tell the
commander the absolute facts, which he could not
immediately see {and therefore might ignore) but
which he could not ignore later when the toll was
reported from the hospitals; facts which he could
not ignore when his reserve troops would be de-
moralized and beaten without ever having faced an
enemy.

During Operations Sandstone (at Eniwetok)
there was considerable evidence that the lessons of
Bikini were profitably used and contributed to a
very efficient, adequate, and commendable radio-
logical defense operation. From Operation Sand-
stone have come additional valuable lessons pertaining
to radiation, lessons that will improve and perfect
the over-all concept of radiological defense.

T2

The introduction of new weapons of a nonper-
ceptible insidious character in warfare does not re-
quire a revamping of our organization in order to
cope with it. It is quite evident, however, that it
will demand wisdom, tact, and ingenuity on the part
of the staff officer concerned to properly impress his
commander. A proven, casily demonstrated wea-
pon can be quickly countered by the optimum de-
fense attainable. For the defense against a weapon
whose effects are either shrouded in secrecy or not
easily observed, however, implicit faith in the staff
officer’s technical capabilities will be necessary. Such
refationship between commander and staff adviser
will be the first step required in orderly movement
toward the best solution.

Command problems may arise as a direct result
of several factors. Lack of prior planning, for in-
stance, will require quick decisions and improvised
plans, some of which may easily prove to be dis-
astrous. Lack of qualified and trained personnel will
cause serious delays. Lack of equipment of rigorous
and proved design can cause limitations in time of
need. The absence of a well-trained and well-organ-
ized radiological defense team can impose un-
necessary time delays. Command problems directly
attributable to these factors can be reduced. Other
command problems arising out of unexpected em-
ployment of atomic weapons with regard to method,
place, or timing can be minimized by thorough in-
telligence and counterintelligence. In the final an-
alysis, adequate radiological defense depends upon—
A competent technical stafi.

A complete and practical unit plan.

A trained radiological defense organization.
Adequate ‘equipment, supplies, and {facilities.
. Timely intelligence.

As a practical example of the kind of thinking
required by the commanding officer and his staff
in anticipating and planning for radiological defense
and which at the same time incorporates com-
sideration of many of the principles discussed above,
the speech prepared by Captain Frank I. Winant,
Jr., USN, Chief, Radiological Defense Division,
Armed Forces Special Weapons Project, is pre-
sented here in its entirety.

Prudence dictates that we should be prepared for attack
whenever a potential enemy is capable of delivering an
attack The United States delivered two atomic bombs
with 6 years after the discovery of hssion. Therefore,
recognizing that others may attempt to match our per-
formance, a readiness date of 1954 or 1935 for atomic at-

tack would not appear early. Unless cur defenses are
superior to those of Hiroshima and Nagasaki, we aan
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anticipate that an stomic bomb exploded over & major
U. S city will kil} or wound on the order of 100,000

include burns and radistion sickness and mechanical in-
juries from collapae of buildings, flying glass, and debris.
We rsther expect that an enenty will try to burst
stomic bombs high in the air, When this is done,
mantancous radiation will assist the blast mnd

the ofher tand, an explosion of the bomb at seriously re-
duced altitudes, whether by intent or accident, can in-
crease the significance of lingering radiation.

Defensive measures sgminst atomic expiosions should
fead to the saving of an indeterminate but considerable
number of lives. Such defensive measures may be divided
mto four broad categories:

1. Material measures to prevent instantaneous per-

Shielding againgt mstantancouws gamma radiation s of
comparable importance bint is harder to effect. Here again,
anything constitutes & shield, bat heavier shielding is
pecessary to give significant protection. Three inches of
concrete, although inmdeguate at close range, might pro-
vide 3 good protective factor at grester distances. In
oty situations, sebutantial baildings can provide & degree
of rwdiation shiclding. There is, bowever, the need for
an evaluation of the protection provided by various types
of buildings to be found i » typical target area
sgainst the lazards of collapee.

We can, with some hope of benefit, teach fundamentals
of self help; avoidanes of Gre, radionctive areas, and over-
crowding.

The next defensive category consists of measures to
prevent occurrence of personnel injury after the explosion
of the stomic bomb. This ficld is of major significance
to the radiclogical defenise personnel. It involves rescue
of persons who are in rdioactive areas as well as control

iy

" sonel injury. of those who must be sent to work there. The combating
T - 2. Instructional measures to reduce instantaneous per- of fire will be of major significance in rescue operations.
{ rvised sonsiel injury. Many people who could have been rescved will burn to
D a dise 3, Preventive measures to stop the occurrence of pet- their deaths. Radiological defense operations should ms-
[ will sonnel injury afier the explosion. sist the general rescve efforts, which will include not only
‘ 4, Curative measures to increase life expectancy of personnel recovery and fire fighting, but also control of
. Orous injured personnel panie, logistics, communications, and miany other passive
f me of Of these, the material measures seetn most appealing. defense measures. Radiological defense must not impede
| organ- In theory, so much can be done, Wide application of such the rescne of endangered personnel. It must not delay
‘eun— measures, however, appears improbable because of eco- operations or permit oversmphasis of the lesy signilicant
| irectly nomic congiderations, The concept of making every build- hazards,
: ing proof against an atom bomb is perhaps more unsound We mmt consider the controversial matter of lingering
Other than the Maginot ine theory of defense. radiztion such as that found on the Bikini ships. Regard-
4 em- Where the importance of a particular objective demands, fess of indications in the press, the military bave mot
’ nethod, the proofing of structures against the atom bomb appears underrated this hazard From the defensive point of
5xghin- posgible The alternative is defense by dispersal. Insofar view, lingering radiation i3 one of the most opmimistic
l«mlan- as we are hound to an economy characterized by large cities features of the atomic bomb. It is the one thing about

and large industrial units, we are highly vulnerable to
atomic-bomb attack. Under such circumstances, an atomic
bombing like that at Hiroshima can kill more people than
were killed by bombs throughout England in World War
IL

Radiological defense consists of protective measures to
minimize personnel and material damage caused by radio-
activily. Radiological defense does not purport to make
war safe. It cannot remove atomic bombings from the
category of unspeakable disaster. But U it can reduce
death and disorder, expedite recovery of a few thousand
persons, and permit removal of critical war materials, the
defensive effort of training and equipping limiled numbers
of radiological defense personnel will pay for itsell at any
disaster scene.

Let us consider some ways in which radiological defense
measutes can pay off. 'We can instruct people with the
object of reducing injuries provided they have a warning of
the explosion. There might be no warning. But a fraction
of a second will help. People can be taught to shield
themselves, Thermal shielding is of greatest Importance
A handkerchief over the fnce will help. A shirt, a blanket,
a tree, anything between you and the bomb will reduce the
flash burns. At c¢ertain distances from the blast this
shielding may allow treatment for radiation to replace
hospitalization for thermal and radiation exposure com-
bined.

which we will really have time fo do something. It offers
a promise of sucowssful countermeasures. Therefore, we
have played it up in our service educational programs and
in our service research programa.  This year we are spend-
ing millions of dollars in the national mifitary research
and development programs to combate lingering radio-
activity as againgt only thousands of dollars to combat
thermal effects. Since we can see the way clear to spend
these mifllions intefligently and proftably, we will not cut
back on such effart,

In a catastraphe so vast as that resulting from an atomic
bomb, any preparatory effort which can reduce loss of life
is justifiable. Tt is alse worthy of a proper evaluation
Considering that lingering radiocactivity will be virtvally
naonexistent in the case of the normal air burst, such an
evaluation places it low on the scale of hazards which
will confront us. And if we engender in our radiological
defense personnel and in our military commanders an mn-
reasoning fear of lingering radioactivity, we shall prob-
ably take an umecessary tolf in American fives.

Curative measores will be concerned largely with masx
treatmetit.  Therefore, the logistics phases are very im-
portant. Provisions must be made for {arge stocks of
blood and for dressings. RBospital space and medical
personnel will be at a premivmn.  The sorting of casualties
to place those with lesser injuries at first-aid dressing
stations and away from the bospitals will be necessary.

73




The problems raised here are different from the problems
of conventional warfare only in point of the magnitude
of effort and preparation,

The problems of radiological defense are of common con-
cern twooghout the military servicess One important
phase of our radiological defense training program is to
provide the military commander with assistance in solv-
ing the oncoaventional aspects of these problems. The
problems of radiological defense may be subdivided into
three categories which 1 shall call:

1. Paychological aspects.
2. Medical aspects.
3. Techaical aspects,

The psychological aspects will prove hardest to deal
with. For the most part they deal with mnreasonable fear.

Reasomable fear can be & uselul thing in our lives.
It can capse us to dodge an onrushing automobile or to
g¢t inside of a tank or battleship or behind 2 machine gun.
But the bazards of lingering radic-activity are the food
of unressoning fear. Such hazards are nonsensory—they
cannot be seen or tasted: they cammot be felt or smelled.
They ean be internal or external, or both. They can be
quick-acting or long-defayed. Lingering radioactivity is
not mythical; it can range from insignificance in the case
of a high air-burst to considerable significance in the case
of gromnd or water-bursts. It could have preponderant
importance in the event of disaster in our own atomic in-
stallations or in event of an enemy's resort to some form of
radioactive warfare. These versatile qualities of lingering
radiation make it & powerful paychological tool. Whether
or not we can use such propaganda features against an
enemy, we are liable to let them work to our own disad-
vantage

Ii prychological weapons are to be forged against us,
jet an ememy do it. Let's not pemalive ocurselves. The
genera) thinking in military circles at the present time is
that atomic bombs will be used to produce air-bursts.
So fong as we fesl that sn enemy will not find it desir-
able to exploit the radiological features of the weapon,
at a sacrifice in other destructive effects, we should not
exploit these features for him and add unnecessary com-
plexities ta the panic which will probably follow an
atomic bombing, We should not enhance the value of an
enemy’s weapons by making them psychologically mare
potent. Radiological hazards should be assumed non-
existent in an atomic-bombed area until they are proved
to exist. This would mean that the Hremen, police,
stretcher-bearers, and medical personnel would have
immediate and free access to stricken zones. Radiological
monitoring must be conducted promptly to confirm the
assumption that &n arca is safe. This places upon the
shoulders of the radiologicat defense organization the
problem of being ready and of having personnel promptly
at the scene of any atomic bombing in event of a true radio-
logical disaster,

If the air-bursts of Hiroshima and Nagasaki and test
Able have established prima facie evidence that high air-
bursts leave little lingering radicactivity, certainly test
Baker has provided room for doubt in other instances
11 is reasonable to assume that an enemy will create yome
radioactive areas in the United States, even if only from
a2 malfunctioning of bomb fuzes, These areas will cop-
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stitute major problems in radiological defense. We can
and will work in soch radicactive areas, OQur atomic
tests have proved this But we must work intelligently.

The military commander will have medicai advisers to
sssist him., But how much physical injury will he accept
within his own commuand? Where and how will he “desw
the line?” It is my opinion thst the wartime military
commander in & radioactive srea will estzblish & limita-
tion for personnel exposure which I shall call the "war-
time military tolerance™ (WMT), This Is an arbitrary
guide which will limit the time that personne]l may be
employed in radiological areas. It can be established as
an arbitrary percentage of the medion sickness dosage as
indicated in the following equation:

WMT =KX X MSD

MSD means “median gsickness dose” Tt is the cumula-
tive dosage which will cause half of the persons expased to
it to become radiological patients., Such persons will have
received some physical injury. There will be blood
changes involved, and we can say that the men are radio-
logically ill. MSD has not been defined with finality. It
will vary with the rate of exposure. It may run as low as
100 roentgens for very rapid exposures, and higher than
200 roentgens for slow rates of exposure,

The determination of what constitutes median sickness
is & matter of medical research and ix not a problem of
military ¢command. In terms of conventional wurfare,
MSD might correspond to the probability that a buliet
injury would necessitate haspitalization—obviously a2 medi-
cal, not & command problem.

The equation suggests that WMT, the largest amount of
radiation to which a military commander can afford to ex-
pose his men, is a certain percentage of the median sick-
ness dosage. We want WMT to constitute a suitable
fimitation which the tommander can prescribe throughout
his organization. Its value will depend on the proper
choice of the controf factor, K,

Let's examine the significance of this control factor.
We will find that it must be appreciably less than unity,
and appreciably greater than zero and that the exact
positianing between its upper and lower limitations wil}
be controversial. The upper limitation will be a medical
cantrol, If we let K equal unity and allow persannel to
work in radiological areas until they have accumulated up
to 200 roentgens, then we shall require the hospitalization
of 50 percent of our rescue personnel at a time when all
hospitals in the area are already hopelessly overloaded
with atomic casualties. On the other hand, we shall find
ihat the prompt medical injuries will decrease as the
value of K is decreased below unity. Feor example, if K
were established at 50 percent, then we might expect less
than 10 percent of our rescue personnel to become radio-
logically ill. Under wartime circumstances the losses
wauld not be deemed seriqus. Injuries resulting from a
K of less than 50 percent would probably be more on the
psychological than the physiological side,

There is another considetation in establishing the upper
limitation of K which I will call & “margin of error.,”
When & wartime military tolerance is established, It is
meant to be an actual working tolerance to which the local
commanders can subject their troeps with assurance,
Therefore if WMT fies right on the borderline of physical
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wjury, we shail find that those persons who unwittingly
exceed the WMT will be endangered. This is not de-
sirable. It is almost impossible to insure that some per-
sonnel will not exceed any established limit, or putting it
another way, you can assume that § to 10 percent of em-
ployed personns] will exceed existing limitations and
that & very few persons will significantly exceed them,
It will be of great sdvantage t6 us if we can sssure all per-
sonnel! that the standards which we establish are sufficiently
safe 30 they are positively guaranteed against radiological
injury. On this basis I would say that the value of K
ought not to exceed 40 percent,

In considering the lower limitations of K, we are con-
cerned with technical problems snd must make provisions
for the operating efficiency of our personnel. How long
can we work in 8 radiological zone and keep the risk and
effort commensurate with the work accomplished? The
absorption of radistion iz never desirable and should
never be permitted unless necessary. But when we get
down to a value of K on the order af 10 percent, we begin
penalizing ourselves and encumbering the personnel to a
point where they cannot work efficiently in areas that are
appreciably radioactive. Obviously, the faw of diminishing
returns must govern. During Operations Crossroads and
Sandstone the value of K was on the order of 2 percent.

aguingt radiation. He is lkely to kick over the traces and
agsume that radistion barerds are overrated He may
issue orders that the job be secomplished regardless of the
bazards involved. This is about the worst thing that can
happen because the hazards are there no imatter how in-
tangible they may appess, and they will inevitably take 2
toll if suitable precawtions are disregurded. For this rea-
son the working limitations shouid be ressonable to a
point where the local commander realires that he must
not exceed WMT but that the established value of WMT
will allow him to work with the greatest possible freedom.
With this in mind it would appear that the valwe of K conid
profitably be set at 20 percent and that any value below
this would untwecessarily restrict the efficiency of the or-
measures themselves.

The next problem becomes that of establishing a resson-
able value of K somewhere between the upper limitation
of perhaps 40 percent and the lower Jimitation of 20 per-
cent. The major influence in determining the proper
establishment of this valoe would appear to be psycho-
logical. No matter how hard we may try to calmly evalo-
ate radiation as a hazard and place it in its proper scale
with other forms of military hazards, it has psychological
aspects which simply do not fit our norma! modes of ap-
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chness Work in radioactive rones was carefully planned to permit proach. Let me illustrate this by discussing what I call,
i :;r:f personnel :? quicklyfenter nﬁ&?e :;onesEand mth thin!om— for lack of a better term, the “furnace factor™

tion or equipment of scientific valve. Even wi is care-

Buflet ful planning the work was considerably hampered by the Suppase, lor example, that you approach & group of men
| medi- high degree of personnel protection which we maintained. with the idea of obtaining & hundred volunteers to crawl
; In some instances persoanel arrivieg in radioactive areas thrmhmfmwhueﬂnm}l.b'eupoudb.wdl-m-
| ot of were scarcely able to orieat themselves fo & job before trofled machine-gun fire a3 & training confirmation. You

10 ex- they found it necessary to withdraw, Such operations led give them assurance that they wil! be carcfully watched
;o sick. to fast Jeep rides over rough terrain where the reading and that the fire will be terminated if any injury to any-

uitable of radiological instruments became inaccurate and some- one is nated. You woald not expect too much difficulty in

ughout times defeated the prescribed precautionary measures. It getting volunteers for this mission during wartihe traip-
proper would be practical in wartime, without serious conse- ing. “Hope springs eternal in the human breast There

quences to personnel, to work in radiological areay well is a possibility that one man may get hurt, perhaps killed,
factor. beyond the Sandstone limitations. On pccasion the desire Put‘cachmmmthlfmthmhmowudestmyhmwsﬂut
wnity, for extreme caution leads to more serious hazards of other it will be somebody else, and that he will be safe. Now,
exact natures. For example, in the Ammunition Removal Opera- to recognize the psychological pitfall introduced by a non-

» will tion on the Bikini vessels after Operation Crossroads, the sensory danger, let's m the problem to oae in which
l wdical Rtrmepmuﬁonsforpersonnd involvingthewearins tbe!'ateoimrymumtd'toﬁmto&'huwmd& H
: ‘ne} to of rescue breathing apparatus to protect against possible, a group ?f men were standing in a blast furnace when the
' }ed.up bt actually insignificant, concentrations of radicactive hcs;n lcc‘:ndenta}hf went on, you \\:ould expect reasonable
- ization material in the air led to the amplification of explosive uniformity of injury to each man in the group, regardless

wn all and other types of physical hazards. The poor vision of whether the flames were (!mstatmg or qmckiy quenched.
, loaded aflorded by the rescue breathing apparatus was a con- Ifa group were standing in the beam of a gant x',ﬂy
; 4 find tributing source of difficulty. On the battleship Nevada, machine, oc wouki expect nho preferential protection.

i the one man received a glancing blow that could have been It is hard to find an nnzlogy in conventiona) warf?rc, but
I #K fatal from a falling ammunition charge simply because he perhaps we could subject the group under machine-gun
.‘. m couldn't ses clearly. The injuries actually received in this :ft.t,:.. o :ﬂmﬁﬁmﬁ; change the problem
. losses ;;t.m were negligible, but the ds were potentially are in the control zone.  Assure them that the heat will
rom & be turned off as soon =3 any injury to personnel is ob-
' om the There can be a very real danger from increasing our served. Draw your own conclusions as to how many
' protective requirements too greatly. If we set X at 10 volunteers you will get for a task like this. In the first
- upper percent, the time will come when a2 focal commander will example each man has 9 changes out of 100 of survival,
| esror” be more impressed with the inefficiency of his command whereas in the second instance every man should meet
]l. it than with the need for protection against radiation. He a fate as bad as that of anyone in the group. Whether
" & ocal will become aware of the fact that radiation within his he gets burned to death or just gets his hair singed, each
e command is harmiess and at the same time ke is failing to man is sure that be will be treated just as badly as his
hysical get 2 job done because of extreme precantionary measures companion. This is aboot what might be expected by
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personnel working in a lethal radioactive zone and the
expectation may prove unpopular. Gamma rays are not
respecters of persons.  Wiiether they subject everyone to
a withering dose or to an insignificant exposure, they hit
everyone in the target area with almost identical eflect,
To understand the psychologival factors which this creates,
you muyl consider the ideas, trivial or otherwise, that run
through the minds of your soldiers. They will think about
this sort of thing when they are confronted with hazards
which they can neither see nor taste nor feel nor smell
but which they, nevertheless, know are having physical
effect opon them. Such harards prey mostly upon the mind
The men must have a powerful faith in their commanding
officer to work continuously and calmly in the presence of
unobservable but certain hazards.

If you hope to get the most out of the men, you will
recognize the significance of this intangible but highly
important emotional factor and prepare them psychologi-
cally for the work in which they are to be employed One of
your strongest taiking points in such a psychological cam-
paign will be the assurance that you have held the K factor
down to the lowest reasonable value; in other words, that
you have virtually eliminated the so-called “fumnace factor.”

Now let me emphasize once more that we would not
expect highly radioactive zones in the average atomic-
bomb explosion. Radiological defense concerns itself with
readiness for the instances in which such residusl radio-
activity is found. If radiological defense measures are to
be invoked when they are needed then we must prepare
for them now by training and equipping personne! to
comply with their missions when required. We must ex-
pect atomic bombs in future wars. We must expect in-
jury, and # is proper to assume that we will encounter
residual radioactivity in some circumstances. Such radio-
activity zones will not necessarily contain rates of radia-
tion which would approach lethality wnder normal work-
ing conditions. But we can expect significant dosages.

The areas bombed may be vur most important installa-
tions—atomic plants, ordnance plants, big industries—the
things which we must restore to operation if we are going
to carry on the war. If we approach the problem with the
assumption that such an area is radicactive and il we put
a fence around it and stay out—we are licked! We can,
and must, work in radioactive zones. But we must work
in them onder controlled conditions. We can't go to
the commander and say, “Now, there are no hazards in
here at all. You are free 1o work.” What we can say is:
“We would like you to attempt work, but it will be danger-
ous. You must be prepared to work for limited periods
only. There will be over-exposures. For this reason you
must have replacements &t hand. Exposure records of per-
sonne! must be maintained, Personnel must receive quali-
fying physical examinations, since a limited number of
people can thus be separated as undesirable radiclogical
risks for such work” -

The technical aspects of radiological defense constitute
a field in which mxh has been done to assist the com-
mander. The radiological defense officers will be im-
portant sssistants to him. Mare than 1,000 have already
been trained, and we are training about that number yearly
i joint courses conducted by the Army, Navy, and Air
Force at Army Chemical Center, Treasure Island, and
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Keesler Air Force Base. These are the personnel who will
assist organizationally. They understand the calibration
and use of detection instruments and the pature and evalu-
ation of radiclogical harards.

In this discussion, my references to radistion have im-
plied gamma radiation, the long-range killer, which I con-
sider the most dangerous type of radiation. There are
others. For example, alpha and beta emissions will have
great significance where lingering toxic eflects are to be
feared Underwater bursts or surface bursts may con-
taminate areas with a multiplicity of fission products in
the form of radioisotopes. After a period of time, rates of
decay will eliminate certain fission products ar significant
hazards and the readingy which are obtained from some
types of detection instruments may become negligible. Such
fission products may be superseded by others as principal
hazards. Under circumstances where sabotage might be in-
volved, the most serious hazards may be hardest to detect.
Soch complexities give rise to serious problems of per-
soanel and material decontamination and point up the need
fior special personne! and equipment,

Protective equipment consisting of masks and disposable
clothing for the workers may be indicated Carefu) moni-
toring of radicactive areas and supervision of workers will
be necessary to prevent operations in “hot spots” of radio-
activity. It may be necessary to have field laboratories
and special technicians for the analysis of radicactive
materials and to determine the freedom from toxicity
of air, water, and food. Training of specialized personnel
has commenced and development is under way on ail
necessary types of instrumentation and equipment. It is
hoped that the current service research program may lead
to some simplification in the complex material require-
ments of radiological defense,

Radiological defense is a responsibility of command.
The establishment of a wartime military tolerance will
provide @ planning guide for the military commander. It
will enable him to complete requirements for timely re-
placement of personnel. It will be & guide in protecting
personne} against external radiclogical hazards but will
pot be an absplute Jimitation placed vpon the commander,
Under conditions where personnel must travel through
or work in atomic areas with the only alternative being
destruction from other causes, any established tolerance
would serve no purpose,

Realizing that no simple guides will prove unfailing
and that complete reliance upon specially trained advisers
is oot always expedient, the current program for radio-
logical defense training is aimed at service-wide indoctrina-
tion.

Ovwer and above our training programs, there will be

many operational problems for which there is no simple &
scientific or textbook approach. Our trzining program 3
admittedly needs stiffening along these lines, There is 2
very little realistic experience upon which to base standard #
operational procedures. We have had atomic-bomb bursts §
under conditions of war in Japanese cities tt the residual 3%
radioactive conditions were lacking. We have had 2 series 3.
of atomic-bomb tests but these were not associated with 3§
the disaster conditions to be expected in wartime. We B
can say one very definite thing about radiologica! hazurds.
We may not have them associated with every atomic-bomb JiE |
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burst. We may not, and we probubly won't, But when
we do have them, the radiation hazards will invariably be
associated with cataclysmic destruction resulting from the
atomic bombing im the form of vast numbers of injured
personnel; fires; broken water mains, gus lines, and elec-
tric wires; disrupted communications aod the probahle
failure of logistic support; and pamic Our operational
development must be guided by the fact that our radio-
logica) defenders, to accomplish their primary mission,
must work in the presence of these other complex prob-
Tems.

The normal employment for radiological defense person-
nel will be in areas of sublethal contamination, OCur
efforts must be to detarmine what we can do, rather than
what we cannot do in these areas. We can and will work
in them when there is cause We will not sacrifice vital
indusity and war plants simply because they are con-
taminated with & radiation level of 10 or 20 roentgens per
day. Under such conditions, a well-trained staff group will
be indispensable in prescribing the working conditions,
techniques, lengths of exposure, protective devices, and
decontamination procedures and in providing adequate su-
pervision,

‘We should not disregard the possibility that many of our
personnel who are trained for radiological defense may be
called into disaster areas even in event of high-altitude
atomic bursts. There may be no need and no reason for
this other than the fact these people have had a special
training course.

We must not leave our preblems of operational develop-
ment unsolved awaiting a hurried solution under condi-
tiont of actual warfare. Future atomic tests should be
very nseful for developiag our standard operations! pro-
cedures and organizations and military personnel should
be employed in radiological defense work in thé¥e tests to
increase our service experience. ‘These tests are few and
far between and are sometimes Iimited to specialized ob-
jectives. Since they fall shost of the disaster conditions
toward which our planning must be pointed, it seems vital
that there be operational development within the services.
We have a great deal to do in properly evaluating the air
reconnaissance of radiological areas, in determining the

value of helicoptars for radiological survey, in perfect-
ing remote and projectable telemetering instruments and
technigues and in completing time studies and worl plan-
ning and on-the-spot orientation methods for such coa-
ditions. We have a great deal more plunning to do in the
matter of provision of adequate and timely personne! re-
placements in radiclogically hazardous areas.

Operationa! development work will provide a conting-
aus testing of textbook training and prevent stagnation of
training doctrine, Withqut it our training in theoretioal
aspects can advance only to the limit of the most recent
physics text and in its practical aspects to the limity of the
last information which hay emanated from atomic tests.

No discussion of this nature could be complete without
some refersnce to civil defense. Since most of uy have
families, we are paturally interested in this problem. The
armed services arg reaponsibie for effecting their primary
military missions in wartime and will, in general, be unable
to effect civil defense, Recognizing this condition, it is
proper that the military should keep out of civil defense
&s much as possible. This will confront the Civil Defense
Organization with the responsibility of growing up to meet
its own probelms. It would be sheer folly, however, to
overlook the fact that civil defense will have a great in-
fuence on our capabilities to wage war. The next war
may very well be won or Jost on the home front. Recog-
nizing this, we are trying to do what we can in support
of civil defense without complicating it. Qur research
programs are pointed toward developing equipment which
will be as useful 1o the civil defenders as to the military.
The field of radiological defense, from its inception, has
been 2 universal field with umiversal language, squipment,
techniques, and training. It is a military goal to incrense
aur veadiness in equipment and trained personnel so near
to the service requirements that if calied upon in emergency
we can dispatch radiological defense personnel to zay
point necessary. To this end we have initiated a truly
joint training progrmam with the Army, Navy, and Air
Force, turning out of their own schools joint student
groups who have been trained in joint curriculs under
joint staffs so that in emergency they can be banded to-
gether quickly and work together with intelligence and
precision as they did in Operation Sandstone,
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CHAPTER 8

LOCAL ORGANIZATION AND TRAINING FOR
RADIOLOGICAL DEFENSE

Section I. INTRODUCTION

The advent of radiological warfare has made neces-
sary the development of new training programs for
service personnel. A great number of personnel
must be indoctrinated and trained and many levels of
training set up for the different degrees of responsi-
hility. The purposes of these programs will vary
from a mere indoctrination lecture for the psycholog-
ical reason of mitigating fear, to a highly technical
course to prepare Radiological Defense Engineers.
The periods of training vary and range from as
little as 1 hour to as long as 3 years.

The military importance for training service per-
sonnel in radiological defense is evidenced by the fact,
that among the responsibilities of the Armed Forces
Special Weapons Project are included the following :

Furnishing assistance to the commandants of service
schools, through appropriate channels, in preparing
courses and training instroctors, and collaborating in
the preparation of atomic energy instructional material
within the Army and Navy Departments.

Furnishing material to responsible governmental agencies
to assist in the education of the public on the military

uses of atomic weapons, particularly in connection with
civil defense measures.

1t is a responsihility of the Armed Forces Special
Weapens Project to furnish instructional material
and assistance in the traihing programs. Imple-
mentation of the training requirement is left to the
individual service school and military command.

Effective radiological defense demands that all per-
sonnel be thoroughly trained in the particular part
each is to execute if and when an attack comes. The
amount of instruction should be commensurate with
individual responsibilities. The responsibilities, in
turn, will be determined by the type of organization
for radiological defense. The over-all defense or-
ganization having been established and the responsi-
bility of each position determined, the training pro-
gram then can be planned. The abject of the training
progam therefore should be to prepare personnel to
qualify for the various positions in the defense or-
ganization.

Section II. ORGANIZATION AND TRAINING

The basic Department of the Army policy on radio-
logical defense organization and training is set forth
in Department of the Army Plan for Radiological
Defense dated 27 March 1950 (app. VII).

This basic policy recognizes the fact that the enemy
employment of atomic or radiological weapons may
present a simultaneous need for many, or all of the
countermeasures normally applied against other
types of enemy action and in the interests of effecting
the maximum utilization of personnel and facilities,
the Army organization for radiological defense will
be included, wherever possible, within the frame-
work of existing organizations dealing with command,
training, logistical support, and operational contro]
measures designed to counter enemy action.

The functions of the present Army organization
described in FM 2140 for defense against chemieal
attack will be expanded to include radiological de-

;]

fense, thus providing specially trained personnel at
all levels of the military structure to assist and advise
commanders in radiological defense planning and
action.

At the various echelons, this expansion of the func-
tions of the chemical deiense organization provides
for enlarged duties to staff chemical officers (staff
radiological defense officers) and unit gas personnel.
At division and higher headquarters, radiclogical de-
fense duties are delegated to the staff chemical officer
who serves as the technical adviser to the commander
and staff in such matters. At headquarters of all
communications zone and zone of interior service
elements, radiological defense duties are delegated
to the staff chemical officers, who function similarly
to the staff chemical officer at the higher echelons of
command. At installations these duties are delegated
to the post chemical officer who serves as technical
adviser to the post commander. Below division level
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these duties arc assumed by the unit gas officers
(unit radiological defense officers}. Each combat or
service brigade, regiment, battalion, company, or sim-
ilar unit has at least one qualified unit gas officer and
at least one qualified slternate.

The radiological defense organization with respect
to unit gas noncommissioned officers {unit radiologi-
cal defense noncommissioned officers) parallels, in
general, that of the unit gas officer. The unit gas
noncommissicned officer assists the unit gas officer
at the various lower echelons.

Section III. RADIOLOGICAL DEFENSE TRAINING PLAN

The inclusion of radiological defense instruction
throughout the Army training system will provide
three general fevels of training—basic indoctrination,
military technical training, and advanced theoretical
educution, The scope of instruction within each of
these levels will vary in accordance with the require-
ments of different operational and staff positions. De-
tailed programs of instruction coveting the three
levels of training will be coordinated by the Armed

Forces Special Weapons Project.

BASIC INDOCTRINATION

‘This level of training will include the basic, non-
technical instruction in radiological defense measures
and techniques which must be imparted to ail com-
missioned and enlisted personnel of the Army to en-
able them to perform their assigned duties efficiently
in the presence of radiological hazards.

The basic indoctrination of commissioned person-
nel is being effected through the incorporation of a
minimum of 2 hours of basic radiological defense in-
struction in the curriculum of the United States Mili-
tary Academy, and a minimum of 6 and 8 hours, re-
spectively, in the basic and advanced courses of the
special service schools as specified in SR 350-110-10.

The indoctrination of higher ranking officers is
accomplished through the incorporation of a mini-
mum of 6 hours of radiclogical defense instruction
in the curricula of the joint colleges (National War
College, Industrial College of the Armed Forces),
the Command and General Staff College, and the
Armed Forces Staff College. Indoctrination of senior
officers is conducted at Sandia Base. Quotas for
this course are controfled by Assistant Chief of Staff,
G-3. ‘

The indoctrination of enlisted personnel will be
accomplished through the incorporation of basic radi-
ological defense instruction in all individual and unit
training programs, and by means of appropriate
manuals and training literature which will be de-
veloped for this purpose.

MILITARY TECHNICAL TRAINING

This level will include the training of the majority
of the personnel who will be required to staff the
Army radiological defense organization and perform
the technical operations involved, and will be ac-
complished through the establishment of suitable
courses of instruction to train qualified staff radio-
logical defense officers, unit radiological defense
officers, unit radiological defense noncommissioned
officers, radiological defense monitors, radiological
instrument repairmen, and certain categories of Army
Medical Service personnel.

Staff Chemical Officer (Siaff Radiological Dcfmc
Officer)

Inasmuch as the duties of the staff chemical officer
now have been expanded to include those of radio-
logical defense, the training previously required to
qualify these officers for their jobs also must be ex-
panded.

The training of new officers for chemical staff duties
presents no particulatly difficult problem and all
current and future training programs for these offi-
cers include the additional instructional material re-
quired to fulfil] their expanded mission. However,
the training qualification of present staff chemical
officers, to include radiological defense, is not so
easy, because of varying educational and professional
background, and the impracticability of training them
at one place at one time. Hence, for a period of time
during which the transition from a Jimited qualified
chemical officer to a fully qualified chemical officer
is completed, &8 number of temporary training pro-
grams are currently in operation in addition to normal
radiological training programs. )

Among the courses presently available to fully
qualify Chemical Officers for their expanded duties
are the following:

Chemical officers special oriemtaiion course, A
4 weeks' course designed to give chemical officers
sufficient orientation on bacteriological warfave;fadio-
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logical defense, and new developments in chemical
warfare 30 they may meet the new requirements.
The course of 140 instructional hours consists of
approximately 35 hours on BW, 22 hours on CW,
and 72 hours on RD. This course of instruction will
be utilized, insofar as practicable, to qualify all Chem-
ical Corps officers who are above the level of the
Advanced Course of the Chemical Corps School,
either by virtue of age or by having been accorded
constructive credit equivalent for the course.

The 6 weeks’ Joint Radiological Defense Officers’
Course conducted at the Chemical Corps School,
Army Chemical Center, Maryland; at the Air Force
Technical Schooi, Keesler Air Force Base, Biloxi,
Miss. ; and at the United States Naval Damage Con-
trol Training Center, Treasure Island, San Francisco,
Calif., will be utilized to qualify Chemical Corps offi-
cers for their expanded functions and to train Chemi-
cal Corps specialists for technical job positions or
special assignments within the Chemical Corps which
require a degree of training more advanced than that
provided for in the' Advanced Course of the Chemical
Corps School, but less advanced than that provided
for radiological defense engineers. Other Army
agencies having job positions which require a degree
of training more advanced than that provided for at
the unit radiological defense officer level but less
advanced than that provided for radiological defense
engineers may utilize this course to satisfy their in-
dividual requirements.

Unit Gas Officers (Unit Radiological Defense
Officers)

For lower echelons, a 6 weeks' course is planned
for Iate 1950. This course, designated as Unit Gas
Officers Course, will contain approximately 50 hours
of instruction in radiological defense.

For Reserve officers, it is contemplated that the
additional training needed to establish minimum qual-
ifications will consist of especially designed corres-
pondence courses in conjunction with the annual 2
weeks’ active training duty periods. The complete
cycle of training to cover a 3-year period.

It is contempalted that unit gas officers of regi-
ments and separate battalions will be trained at divi-
sion, corps, and Army schools in a 4 weeks’ course
which will be integrated with biological and chemi-
cal material, and that officers filling similar positions
in organic battalions and at company (separate and
organic) level will be trained in division schools and
unit training centers.
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Unit Gas Noncommissionsd Officers (Unit Radio-
logical Defense Noncommissioned Qfficers)

For noncommissioned gas officers a 6 weeks'
course, Unit Gas Noncommissioned Officers Course,
is currently offered at the Chemical Corps School,
Army Chemica! Center, Maryland. This course in-
cludes approximately 48 hours in radiological de-
fense. They will receive sufficient training in radio-
logical defense measures and techniques to enable
them to assist unit gas officers in the performance of
their duties, and to supervise monitoring operations
in their unit areas.

It is contemplated that unit gas noncommissioned
officers of regiments and separate battalions will be
trained in division, corps and Army schools in a 4
weeks' course which will be integrated with biological
and chemical material, and that individuals filling
similar positions in organic battalions and at com-
pany (separate and organic) level will be trained
in division schools and unit training centers, In
either instance, mobile training teams may be utilized
as an alternate means to accomplish this training.

Radiological Instrument Maintenance Personnel

The training of enlisted personnel in the field and
depot maintenance and repair of radiation detection
instruments will be conducted at the Signal School,
Fort Monmouth, N. J., and the Signal Training
Center, Camp Gordon, Ga. As soon as instruments
became available, 100 hours of such instruction will
be included as part of the Radio Repairman Course.
It is estimated that a large number of radio repair.
men will be given this training each year in those
instruments which will be in general use throughout
the Army and the Navy.

Radiological Defense Engineers

The training of Regular Army officers to qualify
as radiological defense engineers is presently being
conducted in accordance with current directives.

Training of Medicol Personnel

The Surgeon General is at present conducting a
S-day orientation course in the medical aspects of au-
clear energy at the Army Medical Department Re-

search and Graduate School, Army Medical Center, 3

Washington, D.C. In addition, a 3-week orientation
course on the medical aspects of radiclogical defense
will be started in 1951 at the Medical Field Service
School, Brooke Army Medical Center, Fort Sam
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Houston, Tex. This course will be more advanced
than the 5-day course and will be open to members of
the United States Army Reserve and Federal agen-
cies, as well as to all Army Medical Service per-
sonnel.

All officers and enlisted men who are attending
technical courses of instruction at the Medical Field

Service School, Brooke Army Medical Center, Fort -

Sam Houston, Tex., are given varying amounts of
orientation in radiological defense.

It is anticipated that medical specialists will be
given military technical training in the clinical aspects
of radiation injuries starting in 1950,

The advanced training of selected medical officers
in the medical aspects of radiological defense and in
the pathological and clinical aspects of radiation in-
juries is at present being provided in a course of
post graduate study ranging from 6 months to 1 year
at selected civilian universities, followed by 3 to 4
months of field training at an installation of the
Atomic Energy Commission of the Armed Forces
Special Weapons Project. While occupying posi-
tions dealing with radiation, additional periods of
training will be given in certain individua! cases. The

Atomic Energy Commission Medical Fellowship
Training Program will be utilized in this advanced
training of radiological defense medical officers.

Highly selected MSC officers are being given post-
graduate training in radio-chemistry, biology, and
allied medical fields pertaining to radiation, followed
by a period of field training in an installation of the
Atomic Energy Commission or the Armed Forces
Special Weapons Project.

DEPARTMENT OF THE ARMY PLAN FOR
RADIOLOGICAL DEFENSE

The Army Plan for Radiological Defense was ap-
praved 29 December 1949 by the Chief of Staff, De-
partment of the Army. The implementation of the
programs will be directed by the Chief, Army Field
Forces. The necessary training aids and instruments
will be issued on an automatic basis by the Chief,
Army Field Forces. It is anticipated that current
procurement schedules now in force call for delivery
of instruments and training literature to Army Ac-
tivities during the last quarter of 1950. The Army
Plan for Radiological Defense is inclnded as appendix
VIL n
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CHAPTER 9
NONMILITARY APPLICATION OF ATOMIC ENERGY

The old adage, “Ill blows the wind that profits no-
body” is demonstrated by the application of man's

knowledge of atomic energy. The terrific pressure

brought to bear on the research, development, and
manufacture of the atomic bomb under wartime con-
ditions resulted in a tremendous increase in the tech~
nical information and skill in nucleonics. The pri-
mary objective during the war was to deliver the

greatest military weapon the wortld has ever seen.
But even then some of the beneficial outcomes of
nuclear research became apparent. Today not only
the present utility of this new “‘age of nucleonics,” is
evident but also the many humane applications of
atomic energy which may soon be within the realm of
accomplishment,

Section I. THE APPLICATION OF RADICACTIVE ISOTOPES IN
RESEARCH AND INDUSTRY

The use of the phenomenon of radioactivity in re-
search and industriai testing is not new. As early as
1912, Hevesy made use of this praperty of some ele-
ments 1o investigate the solid state of lead. Within
the last few years, however, this technique has been
greatly expanded. The use of radioactive atoms,
or as they are more commonly called “tagged atoms,”
in industry and tesearch is called tracer technique.
The fundamental idea in using this method is to mix
some radioatcive atoms among the stable atoms of
the test substance. Inasmuch as radicactive atoms
radiate and can thus be detected, they indicate the

position and amount of the test substance in the
body of the material. The use of this technique de-
pends upon a generous source of radicactive isotopes,
which is now available since stable isotopes may be
irradiated within the atomic reactor pile and made
radicactive artificially. Table IV lists the most
frequently used isotopes for research purposes. Over
80 percent of the new industrial usage of reactor-
generated radioactivity recorded by the Atomic En-
ergy Commission was in the tracer technique. A few
of the many uses of the tracer technique are given in
the following section ;

Section 1I. THE APPLICATION OF RADIOACTIVE ISOTOPES
TO THE STUDY OF PHYSICAL PHENOMENA

Calibration of ultra microbalances with alpha-ac-
tive material. The mass of a high alpha emitter can
be more accurately determined by counting instru-
ments than by weighing on conventional balances.

Use of tracers in electroplating baths 1o determine
toncentration of an fom. The depletion of minor
constituents in electroplating baths might be followed
with a radioisotope.

Use of tracers in the analysis of o product from o
reaction mizture of known composition. Analysis of
a product for impurities may be made by the addition
of a radioisotope to the reaction mixture in a definite
proportion to the weight of the element or elements
sought.

Use of tracers to study the cause and cure of
Joaming and priming. Tracers can be used to study
the cause and cure of industrial foaming and priming,
the effect of different dissolved salts and antifoams.
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Distyibution measurements of textile finishes. By
the use of tracers, studies have been made of the dis-
tribution of lubricant on rayon fiber in order to
evaluate the role of the lubricant in subsequent dying
and spinning operations.

Flow studies of components of process operations.
Modifiers in process operations, such as plastic man-
vfacture, might be followed, giving information on
mechanism and value of such materials,

Process rate studies. Rate studies on industrial
processes can be of value in understanding of the
processes. Tracers have wide application in this field.

Product control. Any reaction involving inorganic
materials where freedom from impurities is important,
Examples are—analytical reagent manufacture, pig-
ment manufacture, ceramic manufacture,

Use of tracers in distillation. Wide application in
all phases of the study of the distillation.

7
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Use of radioisotopes in metering fiwid. Radioiso-
topes can serve as metering fluid in the usual method
of dilution measurements and have a2 decided ad-
vantage in case of analysis,

Use of tracers to determine the effectiveness of
scrubbing gases. Radioactive tracers simplify the
analytical problems involved.

Use of tracers in the analysis of equilibrium data
and the relative efficiency of various absorbents.

Use of tracers to determine separotion efficiences in
cenirifugation, filtration, etc. :

Determination of the homogeneity of 6 mixiure
afier various times and degrees of agitation.

Determination of the settling rate of a suspension.

Use of tracers in process conirol to determine con-
centration of an ion in continuous operation. Middle
processing baths — cleaning, fire-growing, coating;
electroplating  baths — minor constitutents; rayon
processing baths—minor constituents ; textile proces-
sing baths; pulp and paper manufacture; and gas-
reacting system.

Measurement of linear velocity of liguid flow with
¢racers. The linear velocity of liquid flow in a pipe

can be measured by timing the successive appearance
of activity at two points along its length. The method
is of special value where circumstances are such that
sampling is impossible ; the activity can be measured
through the pipe walls,

Use of tracer to determine the effect of tracer im-
purities upon the physical properiies of synthedic
fiber.

Use of radiocarbon to study copolymerization.

Cracking of peivoleum oils with wmienss radiation.
Low-temperature cracking of petroleum may be pos-
sible,

Friction and wear tests—gasoline engine.

Mining. Tracers used to study many mining
processes, such as flotation, permeability, well log-
ging, petroleum recovery, etc.

Quality conirol. Thickness of silicone film on rub-
ber—adhesion; height gage—cupola level; and thick-
ness gage—metallic and plastic sheets,

Determination of tarnish resistance of silver plate.

Determination of transfer of printing ink from
printing plate to paper,

Section III. THE APPLICATION OF RADIOACTIVE ISOTOPES
TO THE STUDY OF BIOLOGICAL PHENOMENA

The body, in its functioning, uses a variety of sub-
stances. Proteins—complex molecules manufactured
in the body from amino acids; carbohydrates—essen-
tial fuels for the body; liquids—the fats and fatlike
substances, which are a source of energy and a com-
ponent of certain hormones ; nucleic acids, all have a
part in making up the cells that form the substance
of the body.

In addition to these, other important substances in-
clude the various blood constituents and the electro-
lytes—such minerals as potassium, sodium, and cal-
cium.

Full understanding of the behavior of many of
these substances must await the time when their
basic pature and activity has been determined by
research, An example of the attack upon these
problems is the studies on the essential constituents
in the blood. The biood, containing plasma and cells,
is the circulating distributor of chemicals and oxygen
throughout the body, and Jends itself to biochemical
study because of the ease of obtaining samples.

Anemia is a disease characterized by a deficiency
in the quality or quantity of the blood. Certain types
of this disease do not yield to dosages of iron. Treat-

ment with hormones has been found to correct all
phases of anemia in the pituitary cases except for
the deficiency in the hemoglobin. Scientists of the
School of Medicine at Boston University extended
their experiment into the protein fraction, and other
constituents of hemoglobin. They are now prepar-
ing to use radioactive carbon to trace this phase of
blood metabolism.

At the Radiation Laboratory, University of Cali-
fornia, red blood cells are taken from the body,
labeled with radio phosphorus and then reinjected
to determine the speed with which the labeled sub-
stance mixes with the total blood. The rate of dis-
appearance of sodium and iodine from the blood
stream was measured by tracers also, thus making
possible a satisfactory measurement of such factors
as blood volume, the amount of fluid outside of cells,
total body water, and total body sodium,

Tron and zinc both enter importantly into the
metabolistn of red and white blood cells, Using
radioactive metals to follow “trace” elements, groups
of physicists, chemists and physicians, collaborating
in studies of anemia and luekemia at the Massa-
chusetts Institute of Technology, Brookhaven Na-
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tiona! Laboratory, and the Harvard Medical School,
are discovering the activity of these “trace” metals
which may contain important information on these
diseases.

At the University of Rochester, radiocarbon was
used to label lysine, which is indispensable to life
and growth. Further studies suggest many facts
concerning proteins and mineral salts. The changes
in body chemistry have been studied at Harvard
Medical School, Peter Bent Brigham Hospital, and
Massachusetts Genera! Hospital.

The effects of infectious diseases upon the organs
are being studied by scientists at Bowman Gray
School of Medicine, Wake Forest College, where
radiophosphorus is used to study the farmation of
certain liver fats which contain phosphorus, also.

A study of pucleic acids and nucleoproteins, which
could be properly designated at the keystones of life,
indicate that in this field there is hope of increasing
the scientific understanding of the cancer problem,
The activity of derivatives of nucleic acid in the
system is being studied at the University of Colorado.

Further experiments have been made into the acid
processes of diabetes, and improvement in the treat-
ment of this disease soon may be available through
the use of radioisotopes,

In addition to serving as a tool for basic research
into life processes, radioisotopes have proved valuable
in laboratory and clinical studies of diseases, and are
being used in diagnosis and in treatment.

At Yale University School of Medicine, radio-
tagged elements are used in the study of the thyroid
and the sex glands. Harvard Medical School is
using radiophosphorus to locate brain tumors during
surgery, and radioactive iodine to relieve pain in two
types of heart disease—angina pectoris and congestive
heart failure.

Ohio State University, the University of California
Radiation Laboratory, and the University of Illinois
are each conducting experiments designed to deter-
mine the value of radiocobalt in cancer research and
treatment, as a substitute for radium. Cancer re-

search, sponsored by the Atomic Energy Commis-
sion, has the dual purpose of learning the basic struc-
ture and processes of cells, and studying the radiation
effects in man.

Organic components of nucleic acid have been pre-
pared in the laboratory at Memorial Hospital, Sloan-
Kettering Institute, and labeled with isotopes to be
used in cancer research, A great number of experi-
ments undertaken at Argonne, Oak Ridge, the Na-
tional Cancer Institute, and Huntington Memorial
Hospital, have contributed to the understanding of
how cancer atises,

Experimenters are irradiating normal chemicals
of the body to find whether they form cancer-produc-
ing chemicals, The way in which metal beryllium
causes cancer of the bone is being studied at Hunting-
ton Memorial Hospital.

Other experiments are directed toward learning
more about the effects of some isotopes which can
be valuable in treatment of disease, but also danger-
ous because of the way in which the body stores them,

Research using radiecarbon has been conducted at
Argonne, Southern Research Institute, and the Uni-
versities of Minnesota and California. Scientists are
now attempting to direct certain isotopes, including
radioiodine so far used almost exclusively in the
treatment of the thyroid gland and cancers spread
from this source, to other possible sites of cancer in
the body. A compound, stilbamidine, has been
synthesized with radiocarbon at the Radiation Labor-
atory, University of California. .

The use of radiophosphorus in the treatment of
certain blood disorders, incuding leukemia, at New
England Deaconess Hospital, Western Reserve, the
University of Chicago, and many other hospitals,
indicates that it may be helpful in cases of leukemia
that have become resistant to X-ray treatment, and
also in the treatment of stomach and skin cancers,

Figure 35 shows the injection of a radioisotope into
a cockroach preliminary to a study being conducted
at the Medical Division, Army Chemical Center,
Maryland.

Section IV. PARTICLE ACCELERATORS

Nuclear reactions are caused by particles shot like
bullets into the nuclei of atoms. Nature supplied the
first atomic bullets, the particles emitted by such
radioactive clements as radium and polonium. To-
day various powerful atom-smashing machines yield
high-speed alpha particles, protons, deuterons, beta
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particles, and gamma rays. The atomic pile is now
the main source of neutrons. Atom smashers work
on the principle that the charged particles—the
atomic bullets—can be accelerated and guided by
electric and magnetic fields.
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Figure 35. Inyection of radiosotope into cocl_roﬂ.'h.

Van De Graoff Accelerator

A source of high voltage which has been used to
accelerate charged particles for nucjear experiments
is the electrostatic generator developed by Van de
Graaff. This device consists essentially of a continu-
ous belt made of some insulating material such as silk,
linen, or paper, which passes over two pulleys. One
pulley is at ground potential and is driven by an elec-
tric motor ; the other pulley is mounted inside a hol-
low metallic cylinder or sphere of large radius of cur-
vature. The hollow body is insulated from the rest of
the apparatus. In the operation of this generator,
2n electric charge obtained from a comparatively
low voltage source is sprayed on the portion of the
belt which is moving upward from the lower pulley.
This charge is carried up by the belt into the hoilow
sphere where the charge is removed to the sphere
by means of a fine metallic brush.

In this generator a continuous stream of charges
is transferred by the belt from a low voltage source
to the insulated metallic sphere. The potential of a
sphere depends directly upon the quantity of efec-
tricity which resides on its surface. The conditions
limiting the amount of charge which may be put on
a sphere are the nearness of other objects, such as
the walls and ceiling of the laboratory, and the
breakdown of the air near the sphere due to the in-

tense electric field around it. Electrostatic genera-
tors have been operated successfully with the spheres
raised to potentials as high as 2.5 million volts above
ground potential, In some generators the voltage of
the belt charging device was as low as 10 kilovolts,

In recent designs, the electrostatic generator has
been built completely inside of a steel container in
which the air is maintained at 2 high pressure, some-
times as high as 150 pounds per square inch. At
high pressures the air can withstand stronger electric
fields before breakdown occurs. Also, since the air
is contained in a steel tube it may be dried and
cleaned, thus permitting steadier operating condi-
uons.

The Linear Acceleralor

The linear accelerator accelerates nuclear particles
by piving them repeated “kicks” with a high-fre.
quency alternating voltage. At any instant, adjacent
electrodes of the accelerator are oppositely charged,
A nuclear particle is accelerated into an electrode
and coasts inside it, emerging just as the altecnating
voltage reverses, The particle then is repelled by this
electrode and attracted by the next one, thus teceiv-
ing a “kick” as it crosses the gap between them.
This process continues down the length of the tube.
Since the particles go faster and faster down the tube,
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the accelerating electrodes are progressively greater
in length,

Cyclotron

Another device for producing high energy par-
ticles which has come into fairly common use in the
cyclotron developed by Lawrence and Livingston.
It consists essentially of & short hollow cylinder di-
vided into two sections, Each section usually is re-
ferred to as a “dee” because of its resemblance to
the Jetter D. These dees are placed between the
poles of a very large electromagnet. The cyclotrons
now in use have magnets whose pole pieces are from
30 to 60 inches in diameter ; the diameters of the dees
are approximately the same as those of the pole
pieces, The dees are placed in another metal cylinder,
and the whole assembly is placed between the poles
of the electromagnet so that the magnetic field is
perpendicular to the base of the cylinder and parallel
to its axis.

The Betatron

An entirely new type of X-ray tube was developed
in 1941 by D. W. Kerst. This tube is called a
betatron. In the older type of X-ray tubes, the elec-
trons which strike the target acquire their energy
by the application of a high voltage between the filma-
ment and the target. In the betatron, the electrons
acquire their energy by the action of the force ex-
erted on them by the electric field which accompanies
a changing magnetic field. One tube in operation in
1946 accelerated electrons so that they had energies
vp to 100 Mev when they struck the target and
produced X-rays and present designs range to about
1 billion electron volts, These X-rays are used in
nuclear experiments.

In the operation of the betatron, electrons from
the heated filament are injected into the circular or
doughtnut-shaped tube by applying a difference of
potential between the filament and the plate, The
electrons are focused with the aid of a grid. When
an alternating magnetic field is applied parallel to
the axis of the tube, two effects are produced—an
electtomotive force tangential to the clectron orbit is
produced by the changing magnetic flux and gives the
electrons additional energy; a radial force due to
the attion of the magnetic field, which is perpendicular
to the electron velocity, keeps the electron moving
in a circular path. The magnetic flux through the
orbit has to be chosen in such a way that the elec-
trons will move in a stable orbit of fixed radius. The

electrons make several hundred thousand revolu-
tions in this circular path while the alternating mag-
netic field is increasing in intensity from zero to a
maximum, that is, during & quarter of & cycle. With
each revolution they gain additional energy. When
the electrons have acquired the desired amount of
energy, a capacitor is discharged through two cotls
of wire, one directly above and the other directly
below the stable orbit, producing a sudden addition

to the magnetic flux. This destroys the condition for -

the stability of this orbit and the electron beam moves
out to larger radii until it strikes the back of the in-
jector which acts as the X-ray target.

In the operation of the 20 Mev betatron, about 15
to 20 kilovolts are applied to the injector, and elec-
trons are injected into the tube for only a short time,
about 8 microseconds, when the magnetic field just
starts increasing. The magnetic field alternates 180
times per second, but the electrons are accelerated
during only one quarter of a cycle or 1/720 of 2
second. The tube is kept on the vacuum pumps con-
tinuously. ’

A new atomic big-gun, the world’s largest beta-
tron, has just gone into action at the University of
Iliinois, Urbana-Champaign, Illinois, capable of fling-
ing electron particles of electricity at 300,000,000
electron volts to produce X-rays and other effects,

Manufacturing the meson particles naturally found
in cosmic rays is one of the jobs it is expected to do.
As big brother to smaller atomic machines using the
decade-old invention of Prof. Donald W. Kerst, it is
more powerful than lesser betatrons that are used in
inspecting chunks of metals and treating deep-seated
Cancers.

The new betatron is one of the largest atom-
smashers of any sort actually operating, although
larger billion electron volt machines are under con-
struction.

The Synchrotron

The synchrotron accelerates electrons inside a
large, circular glass tube, placed in the field of a ring
magnet. The magnet is powered with alternating
current. During the initial period of the accelerating
cycle, the magnet accelerates the electrons to nearly
the speed of light, just as in a betatron. Then, a
slightly greater velocity is given the electrons by an
accelerating electrode built inside the circular tube
and connected to a high-frequency oscillator. With
this slightly greater velocity, the electrons increase
tremendously in mass and energy. During the en-
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tire period of acceleration, the increasing magnetic
field of the magnet holds the electrons in a circular
path in the tube, and at the proper instant they are
deflected to strike the target. In some synchrotrons,
the accelerating electrode is replaced by a resonant
cavity, through which the electrons pass.

The Chain-Reaction Pile

Although it is not generally regarded as an atom
smasher, the chain-reaction pile is actually the most
effective and important form of particle accelerator.
What is more, a pile produces neutrons—particles
which are very effective in causing nuclear reactions,
but which cannot be directly accelerated in any stand-
ard atom smasher. A typical pile is a large concrete-
enclosed mass of graphite and natural uranium, The
uraninm undergoes a controlled chain reaction, liber-
ating vast numbers of free neutrons in the process,
The material to be bombarded is placed in the pile,
or a hole is opened in a wall of the pile and a beam
of neutrons will emanate from the hole and fall on
the material to be irradiated. The operation of the
chain-reaction pile is described in chapter 2.

Table V summarizes the characteristics of the ma-
chines discussed in the foregoing paragraphs.

Table V. Comparison of Particle Accelerators
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Section V. NUCLEAR POWER

Whether nuclear energy as a commercial source of
power is feasible and when it might be available are
presently being carefully considered by scientists, en-
gineers, and industrial experts. No firm commonly
accepted conclusions have been reached. But one
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authority makes this optimistic statement: “There is
no mystery about atomic energy that good engineer-
ing cannot solve.”

The material that follows presents different points
of view and includes data which has been arranged
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into tables and charts for the convenience of the in-
structor in presenting the material visually, See
figures 36 to 41 inclusive and table VI.

Ultimate output of atomic energy in this country
may be ag great or greater than present output of
coal power “and will operate at a lower cost, at least
as far as fuel expenditure is concerned.” That was
the Atomic Energy Commission's view in 1948 on
power prospects, provided that favorable assump-
tions are made about two things—

That the cost of uranium does not rise markedly
in the future because of forced resort to lower-grade
ores; and that the theoretical possibilities of “breed-
ing” atomic fuel can be realized in engineering prac-
tice. The latter means building atomic reactors
which are highly efficient so that when they consume
fissionable materials they will, at the same time, pro-
duce an equal or greater amount of new fissionable
material by transmutation of non-fissionable uranium
or of thorium.

- If unfavorable assumptions are made, that the cost
of uranium will rise and that breeding will prove
impracticable, then atomic power could compete with
coal power only in regions where cost of transporta-
tion from the mine is a determining factor.

This view on economic prospects from atomic
power is much the most optimistic which has ever
come from official sources. It puts the official Atomic
Energy Commission position much more nearly in
line with private estimates that the ultimate cost of
atom power would drop somewhere between hydro
and steam.

The new position appears in the fourth semiannual
report of the AEC. It is presented as a report
to AEC of the Commission’s General Advisory Com-
mittee. This source is particularly significant, since
the advisory committee generally has been considered
as the group in the government most pessimistic on
power possibilities. Actually, the best informed au-
thorities do not believe that atomic power will ever

" be able to compete with coal in cost.

As to time scale, the advisory committee still is
rather conservative, It points out that two reactors
to produce token electric power should be com-
pleted within 2 or 3 years.

One of these is the air-cooled natural-uranium pile
at Brookhaven Laboratory on Long Island, due for
completion in the fall of 1950; it will produce some
power from the heat of its cooling air but not even

enough to run the blowers which drive the cooling
system.

The other is a reactor of advanced design at the
Argonne Laboratory in Chicago. This will be a
fast-neutron pile using enriched fuel and cooled by
liquid metal. It will run at a high temperature and
will produce power in something approaching com-
mercial quantities, though at nothing approaching
commercial costs. Construction of this reactor was
discussed for a year and a half before it was finally
authorized.

Building on experience with these two units and
their successors, the advisory committee thinks,
“lairly practical reactors that might be useful for
special purposes™ should be availabie within 2 decade.

In about 20 years, under favorable circumstances,
a “considerable portion of the present power supply
of the world” might be replaced by nuclear fuel, the
committee believes.

Nuclear energy will not contribute any very
large amount of power to the world during the next
10 years. That is the opinion of ali well-informed
scientists now working in this field, according to Sir
John Cockeroft, director of Britain’s Atomic Energy
Research Establishment, The reasom is that four
major technical problems must be solved. These are—

1. The “fuei” problem. Investigations so far have
shown that, while natural uranjum piles which could
generate power as a byproduct are technically feas-
ible, their “fuel” efficiency at present is so low that
they would not be economical Natural uranium
piles “burn up” only a very small proportion of the
uranium at present. The fuel problem thus becomes
the socalled “breeding” problem—fnding 2 way to
utilize the greater part of the uranium “fuel.” Until
this is done, present resources of uranium will be
insufficient for large-scale nuclear power.

2. The metallurgical problem. Finding materials,
better suited to withstand high temperatures, which
can be used in construction of piles.

3. The “combustion” problem. TFinding an efh-
cient way to process the nuclear fuel used in the pile,
which includes removing the intensely radioactive
ash from the fuel safely and economically,

4, The “ash disposal” problem. Getting rid of
the large quantities of radioactive ash that would be
produced by the sizable number of nuclear power
stations required to supply the world.
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Section VI. NUCLEAR ENGINEERING

The following article by Major General Kenneth
D. Nichols, USA, appeared in Nucleonics, July 1949.

The normal engineering approach to the solution of
problems is as applicable in the field of nuclear engineer-
ing as in any other branch of engineering. Some of the
nuclear engineering problems encountersd by the Manhat-
tan District, & few of those presently euncountered by the
Atomic Energy Commission, and some of the steps that
lnvehetankmbymrsmestomeettheneed for en-
gineery trained to handle these problems will illustrate
thas fact.

In the early days of the Manhattan Project, primary
problemns involved not only science but, even to & greater
extent, engineering and industrial management. Research
and development had to be completed, and organizations
obtained (or built up) to design the necessary production
plants, construct them, and then operate them for plutenium
and vranitm-235 production. In addition to research and
development, a coasiderable amount of engineering was
necessary if & practical bomb was to be developed. The
scientists on the project at that time recognized the exist-
ence of typical engineering problems but few of them
realized the complexity or the magnitude of the engineer-
ing that would have to be devoted to their solution before
the project could be zccomplished.

1 was fortumate to be able to observe how many of the
problems that confronted the Manhattan District were
solved. To find engineering contractors to design the
production plants was the first problem. Our selection
was Contractor Corporation, Although we realized that
they could not handle all the problems, we needed a wee
hicle 1o make engineering stadies on everything, so their
original contract was made very hrpad and comprehensive.
Shortly after the selection of contractor, it was obvious
to us and to the physicists in Chicago that a great deal of
chemical engineeting had to be done if & chain reaction
pile for production of plutoninm was ever to prove ftself
practical.

The chemical problems sssociated with the plutonium
project, for instance, were tremendowsly underestimated
As contracting officer, I sat down to do some estimating
with the Chicago physicists, the michrochemists whe knew
what was to be known about the chemistry of plutonium
that had been derived from less-than-milligram lots, and
with engineers from du Pont. How many dolfars’ worth
of plant would be necessary 1o develop a practical semi-
works for the chemical process? Three million dollars
was the figure arrived at—although most of us thought it
might be on the high side.

One month later du Pont had gotten into the problem
enough to realize that neither two nor three million
would touch the problem. Not oaly that, they felt the
whole project needed 8 thorough engineering review to
determine if the many engineering problems involved, not
only in the plutonium project but in the U™ and weapon
development projects as well, could be salved in a reason-
able length of time. As a result, & committee consisting
essentially of enginters was set up, It did its work be-
tween September and Movember 1942, They made pre-

“liminary cost estimates that turned out to be reasonably

accurate, and reconunended the types of organizations that
were necessary to design, construct, and operate the plants
involved in the Manhattan Project.

On the 1™ end of the project the task invoived engineer-
ing problems equally as difficult as those on the plutonium
project. The basic scientific work on the physical separa-
tion of U™ and U™ was extraordinarily well in hand, but |
in this case too the research on the supporting chemistry |
lagged behind, In the electromagnetic plant, for instance,
there were those early days when no matter how much
material was put into the production pipeline nothing
seemed to come otit and the project’s leaders were joshed
for attempting to produce vanishing quantities of U™,

We weare faced with the single chemical problem of
separgting U™ from associated gunk. Because of the small
quantity of U™ and the extremely large gquantities of
gunk, consisting of a mixture of many other elements,
here, too, normal chemical engineering did not apply. A
precision of recovery was required that far exceeded
normal production standacds, but production engineers, as-
sisted by research chemists and research engineers, finally
devised and set up the necessary production line technique.

As a means of defining the need jor engineers in the
atomic energy field 1 could equmerate other examples and
give more adequate recognition to the many industrial
firtns that formed 3 part of the team that put over the
Manhattap Project. However, I prefer to draw on history
only to the extent I have done to illustrate how the engi-
neering approach for evaluating the task and orgznizing for
the job was successfully applied.

The Present and the Future

Out of our experience on the Manhattan Project and
in planning for the development of atomic power it has
become clear that the future of atomic energy depends
primarily on how well engineers do their job, Let us lock
at some of the specific problems involved in ouclear en-
gineering. In a pile, whether it be for production of plu-
tonium for bombs or for production of commercial power,
the engineer is faced with new and difficult probienms with
which he has had little experience; and during the war
he had practically none. At the present time army en-
gineers have the experience derived during the war, but
most engineers lack additional educational training that
permits them to solve these new problems without learning
new principles required by the atomic era.

Shielding. Take, for example, shielding against radio-
activity necessary wherever you have a chain reaction or
radioactive materials. Here engineers were and are faced
with strange requirements. One material might stop one
type of radioactivity but not another. Moreover, some
materials merely convert one type of radioactivity to an-
other. Health physics is involved and there is little in-
dustrial background for making the necessary statistical
studies.

Gadgetesring and remaote control. Oue aspect of shield-
ing is protection of the workmen. Another equally im-
portant aspect is the remote control and maintenance
problem. In the chemical processes, or in the working of
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the pile ityelf, the process equipment must be controtled and
maintained by remote control methods. Intensive gadg-
¢teering was and is necessary for doing this type of work
At Hanford, complete chemical processes had to be
capable not only of operation by remote control but alse
of mainterance by remote control. Some of the gadgetry
invalved iy what we are now depending upon as a deiaying
factor in other nations’ attempts fo make atomic weapons.

Chemical recovery. Also involved in nuclear engineering
is 2 need for precision of recovery not normally encountered
even in the light chemical industry. The value of plutonium
or U™ iy so high that extremely high percentage of re-
COVery is necessary in any ancitlary chemical process in the
production of power if such power is to be competitive
with other sources of power. Not only iz such precision
chemical engineering complicated by the need for remote
control apparatus, but also the transmutation from one
element to another of the attendant products is a com-
plicating factor. The control of radicactive wastes, both
liquid and gaseous, must be done to a degree not gener-
ally recognized by other industries. Many milliens have
been spent at Hanford in the control of these liquid and
gaseous wastes and, if commercial power is ever to be
practicable, even greater effort must go into this problem
in order to secure an economical solution. The chemical
engineering involved in the production of power or in the
production of plutonium i3 the major problem that must
be more efficiently solved if we are ever to have com-
petitive atomic power.

Heat exchange. Here we have problems thst are beyond
the experience of most of the experts in this field. In
the heat exchange problem, we are faced with taking a
tremendous amount of beat out of a very small volume. The
problem is further complicated by radioactivity. We must
consider the nuclear properties of the coolants used for
trangmitting power from source to machine. We must
conisider both the effect of the coolant on the nuclear
reaction and the effect of the reaction on the coolant.
The temperatures involved are such that liquid metals may
be the only suitable coolants. When we combine all these
problems with the known characteristics of materials, we
find ourseives working with some very nasty materials that
introduce added problems of safe handling.

Materials and metallurgy. Throughout the pile we are
confronted with engineering problems concerning fnate-
rials and metallurgy. The materials used in the piles
must meet functional and structural requirements and must
stand up against the high temperatures involved. Not only
maust they stand wp against temperatures with which we
have insufficient practical experience. but they must also
have the proper nuclear properties. Here again the ma-
terials may affect the nuclear reaction, or the effects of the
nuclear reaction on these materials may be such that the
physical properties of the materials, such as the struc-
tural strength, conductivity, or molecular structure, are
charged to such an extent that they no longer fulfill their
basic missions, Here the research engineer must work
with the physicists, for a tremendous amount of work must
be done to determine the nuclear properties of ordinary
structural materials and to develop new materials that
can be produced in quantity and have the proper nuclear

properties.

Economic problems and industrial safety. Dependable
methods and equipment must be developed that are far
beyond our normal industrial standerds. It is costly to
maintain equipment by remote control or abandon it when
something goes wrong. If the economic problems of
atomic power are to be solved, great dependability must
be built into even the ordinary equipment, greater than is
required for the equipment of any other industry.

Other engineering problems involved pertain to in-
dustrial safety. Unfortumately, many of the scientific per-
sonnel involved in the development of nuclear energy do
not have practical experience in industrial safety. The re-
suit is that wwsuslly high standards have been set. In-
dustrial safety engineers will eventually bave to soive this
problem and get ‘it on a practical scale if we sre to have
sconomical nuclear power plants.

Industrial uses for radicactivity. In solving all of these
engineering problems the solution must be based on the
needs of the operator or producer. A theoretical solution
is of little value if it cannot be applied on an industrial
scale, The engineer, by truining and tradition, is accus-
tomed to meeting the needs of the industrial operator in
like problems pertaining to other fields. He has bridged
the gap between the scientists and the industrialists in such
other engineering ficlds as electrical engineering, chemical
engineering, metallurgical engineering, mechanical engi-
neering, power and other, and there is no reason why he
cannot render the same service in the field of nuclear engi-
neering.

More engineering problems are attached to the appli-
cation of radioactivity or the use of radioisotopes to engi-
neering research for developing themical engineering
processes or for developing better metallurgy. Radio-
active materials are being used in the petroleum industry.
Other uses undoubtedly will be developed as experience is
acquired.

The Universities' Problem

The problem presently confronting our universities is
to determine what courses should be introduced to train
engincers and scientists adequately for the development
of atomic energy. It is not my intention to cover the
needs of additional scientific training in our universities.
However, I would like to make certain suggestions con-
cerning what might be done in the field of engineering
education to qualify our graduate engineers for handling
nuclear engineering problems. Just one course in our
engineering schools will not be the answer; what is neces-
sary is the introduction of nuclear engineering courses in
the several fields—civil, mechanical, electrical, and chemical
engineering. Such courses in their respective fields should
stress the problems of heat exchange, metallurgy and ma-
terials, chemical engineering, gadgetering or remote con-
trol, and industrial safety, all handled from the standpoint
of how nuclear physics affects the solution of these prob-
lems when applied to puclear engineering.

Most universities have already tackled the problem of
training graduates for atomic etergy development. Some
progress has been made. Cornell, Princeton, Chicago,
and practically every other large umiversity have intro-
duced courses in the field of nuclear engineering or en-
gineering physics, but too many of them have stressed the
research approach rather than the engineering approach.
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One university's course leading to a master’s degree in
science, there is no question, stresses the physics, metal-
lurgy, and chemistry involved in nuclear energy. It covers
all of the scientific or research fields but it apparently does
little toward giving the student the engineer's concept of
how to approach a typical engineering problem. The uni-
versities are making 2 mistake if this is to be the main
educational effort. If it is the main effort, it is up to the
educators in engineering to correct it.

Greater progress can be made if we train engineers to
handle nuclear problems just as we have trained chemical
engineers to handle chemical problems involved in the
engineering, design, coastruction, and operation of pro-
duction plants. Instead of giving a few courses in engi-
neering to a student who is essentially a physicist, a chem-
ist, or a metallurgist, greater emphasis should be placed
upon giving students who have a basic engineering educa-
tion, either civil, chemical, electrical, mechanical, the
principles of physics, and the problems of nuclear engineer-
ing involved in the particular field of engineering. For
example, a chemical engineer would major in nuclear
chemical engineering, or a civil engincer major in nuclear
civil engineering, each taking the necessary additional
courses to qualify him for work in the field of atomic
energy.

The Societies’ Contribution

The American Society of Mechanical Engineers is as-
sising in this problem. In recent meetings of their
atomic energy committee, they have discussed the need
for a greater number of engineers in the atomic energy
field. They have offered to assist the AEC in trying to
procure more engineers with industrial and commercial
background for this work. More engineers and engineer-
ing organizations will be necessary as time goes on if the

basic work of the scientists presently engaged in the prob-
lem is to be properly developed and applied. The Ameri-
can Socicty of Mechanical Engineers is also preparing
a glossary of all terms involved in nuclear engineering as
a first step in the education of engineers. They are, in
addition, entertaining the idea of making proposals for
the placing of engineers in atomic energy work.

How University Personnel Can Help

In attempting to develop proper education courses,
secrecy and government control of the atomic energy field
may appear to be limiting factors. However, there is
plenty of information svailable upon which an effective
start in the field of education can be based. A means that
bears recommendation is for more university engineering
departments to seek contracts from the AEC or with its
contractors for the development of the engineering research
tn this field. Alsc, more professors should seek temporary
employment with the AEC and its contractors 5o that they
can get first-hand information about the problems involved.
They will then be in a better position to determine the basic
educational courses in the field of physics and physical
chemistry required and the revisions and additions neces-
sary to our more standard engineering courses.

Our educational efforts in the field of nuclear engineering
should be devoted primarily to giving supplementary edu-
cation in the fields of physics and radicactivity to engineers
rather than trying to give a little engineeting to scientists.
Although it is recognized that both approaches are neces-
sary, the engineering approach to the problems of atomic
energy will do far more towards expediting the solution
of the remaining problems than the scientific approach.
There is no mystery about atomic energy that good en-
gineering cannot solve.
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APPENDIX 1
BIBLIOGRAPHY

The purpuse of this bibliography is to suggest a
nucleus of available current publications on the gen-
eral topics of a auclear physics, atomic energy, and
radiological defense around which to stast a library
useful to officers of the armed services and others
interested in atomic energy. It is intended to assist
instructors in preparing their lectures, and the mate-
rial listed has been examined and carefully evaluated
an the basis of usefulness and availability.

The subject literature is expanding rapidly, and no
attempt has been made to compile an exhaustive list.
Each item includes a short annotation so that selec-
tion may be made according to individual interests
and needs,

All the materia] listed cannot be furnished by the
Department of the Army; however, some items can
be obtained by official request through narmal chan-
nels. Most of the items can be purchased com-
mercially.

Section 1. MILITARY AND GOVERNMENT PUBLICATIONS

There are, in ever increasing quantity, & number
of publications issued by various departments and
branches of the Department of Defense, as well as
other departments of the Federal government, avail-
able through official channels 1o the radiological de-
fense officers. In some cases, these publications in-
clude a detailed bibliography of other available ma-
terial. Below are listed only a few of the general
and key publications recommended as a start in build-
ing an up-to-date reference library.

1. Radiological Delense Manual, Volume I,
Armed Forces Special Weapons Project, National
Military Establishment, 1948. A general technical
presentation of the various topics deemed essential
for radiological defense officers and others. A work-
ing lmowledge of basic physics and elementary alge-
bra is an asset though not essential. Available
through Army channels,

2. Rediological Defense, Volume III, Armed
Forces Special Weapons Project, 1950. The Jatest
volume in a series of publications issued by this
agency. This volume contains a number of topics
written by specialists and experts cavering the general
aspects of atomic explosion, medical effects, and com-
mand problems. A “must” volume for all military
commands, Available through Army channels.

3. Atomic Energy and Radiological Defense, De-
partment of the Air Force, AFTRC Manual
52-355-1, April 1949. An excellent well-illustrated
easy reading presentation of the essentials of atomic
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energy and its relationship to radiological defense,
The historical point of view is stressed.

4. Handbook of Radioactivity and Tracer Metho-
dology, A. F. Technical Report 5669, USAF, Air
Matériet Command, Dayton, Ohio. A rather com-
prehensive rultilith publication covering many phases
of radioactivity, prepared by a group of specialists
headed by William Siri, University of California.

5. Catalogue of Radiac Equipment, Navy Depart-
ment, Bureau of Ships, NavShips 900,141, An illus-
trated catalogue of radiac instruments used by the
Navy, including a general description and character-
istics of gear. Refereaces the instruction hand-
books for each instrument.

6. Manwal of Rodiological Safety, Navy Depart-
ment, BuMed and Surgery, NavMed P-1283. Pre-
pared especially for medical officers, it contains con-
siderable material on general nuclear physics, in ad-
dition to the medical aspects. There is a section
on Navy Radiological Safety Regulations and ex-
cerpts of the regulations for the transportation and
shipping of radioactive materials.

7. Shipyard Industrial Rediologicel Manual,
Navy Department, BuShips. The purpose of this
multilithed volume is to serve as a guide to shipyards
and repair activities to enable them to evaluate the
various features of the industrial radiological prob-
lems of materials, organizations, procedures, and pet-
sonnel.
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8. Radicacsvity Units and Standards, Reprinted
from NUCLEONICS, October 1947. (Available
through Isotopes Division, Oak Ridge, Tenn.}) A
small pamphlet explaining in detail the more im-
portant units and standards of radioactivity.

9. Selecied Bibliography om Atomic Energy,
Technical Information Division, AEC, 1948, (Avail-
able from Superintendent of Documents, 15 cents.)
A bibliography of selected references on various as-
pects of atomic energy including pescetime and mili-
tary applications.

10. A Gemeral Account of the Development of
Methods of Using Atomic Emergy of the Uniled
States Goversment (available from Superintendent
of Documents, 40 cents). The above is the official
title of what is more familiarly known as the Smyth
Report. It tells the story of the administration of
the development of the atomic bomb, gives the names
of cognizant personnel and sufficient technical expla-
nation to appreciate the terrific difficulties overcome.
Every officer should read this report. (Obtainable
in a stiff-backed edition with photographs from
Princeton University Press at $2.00.)

11. Depariment of Defense Special Texts, Radio-
logical Defense Series, Chemical Corps School, Army
Chemical Center, Md.

Review of Mathematics and Physics (Army—
RDS-1A ; Navy—NavPers 10851 ; Air Force-RDS~
1A). Contains part of Mimeo 187, “Review of
Mathematics and Chemistry” (Rev. 10 May 48) and
Mimeo 185, “General Physics” (5 Oct. 48).

Handbook for Radiological Defense Sub-
courses (Army—RDS-1B; Navy-—NavPers 10852;
Air Force—RDS-1B). Replaces Mimeo 145,
“Mathematical Tables” (1 Sep. 48).

Atomic Struciure of Matter (Army—RDS-
2A; Navy—NavPers 10853 ; Air Force—RDS-2A).
Contains part of Mimeo 187, “Review of Math-
ematics and Chemistry” (Rev. 10 May 48).

Nuclear Physics (Army—RDS-3A; Navy—
NavPers 10854; Air Force—RDS-3A). Replaces
Mimeo 190, “Nuclear Physics” (Rev. 1 Apr. 49).

&

Table of Isotopes (Army—RDS-3B; Navy—
NavPers 10855; Air Force—RDS-3B). Replaces
Mimeo 131, “Seaborg Table of Isotopes’ (9 May 47).

12. Chemical Corps School Mimeographs for use
in Radiological Defense Courses.

Mimeo 135—Control of Radioactivity Has-
ards (28 Aug. 47) (Re-
printed from Chemical & En-
gineering News, Vol. 25, No.
26, Jun. 30, 47).

Mimeo 159—Siaff Plans (1 Sep. 49).

Mimeo 203—Electron Tubes and Amplifiers
(Apr. 49).

Mimeo 204—Rodiation Detecting Devices
and Their Uses (1 Sep. 48).

Mimeo 209—Radiological Defense Training
Programs (3 Oct. 49)

Mimeo 379—Lecture Notes on Explosion
Phenomena, Moniloring and
Fall Out (1 Mar. 49)

13. Nucleonics for the Navy, Department of the
Navy, NavPers 10850, February 1949. This is a
revision of the special edition of the Navy's Al Hands
covering Operation Crossroads and radiological de-
fense, but greatly enlarged. Very well illustrated
and somewhat more technical than reference No, 2,
Has a particularly good section on radiac instruments.

14. The Effects of Atomic Bombs on Hiroshima
and Nagasaki, The United States Strategic Bombing
Survey, The Manhattan Engineer District, 30 June
1946.

15. Public Law 585, 79th Congress, Atomic En-

ergy Act of 1946 Senate Publication Section, Library
of Congress, Washington, D.C,

16. Army Regulations, AR 380-5, Militery Se-
curity—Safeguarding Milifary Inforniation
17.  Army Regulations, AR 380-10, Military Se-

curity—Laws, Executive Orders, etc.. Pertaining to
Safeguarding Military Information,

18. Navy Regulations, 1948, Chapter 13.

Section II. PERIODICALS

This section lists periodicals deemed pertinent to
radiological defense engineers and to others.

1. Nucleonics, Monthly, McGraw-Hill Book Co.,
3 vears for $20.00. The leading magazine covering

the technical aspect of nuclear physics: each month
includes feature articles, new instruments, new books,
reports of scientific meetings, and personnel items.
The advertisements by manufacturers of rad:ohglcal
equipment are of considerable value.
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2. Ra-Det, Monthly, Radiation Instruments
Branch, Atomic Energy Commission. Contains in-
formation on radiation detection devices, feature ar-
ticles on instrumentation, results of evaluation of
commercially available radiation instruments, and

specifications for new equipment.

3. Radiology, Monthly, Radiological Society of
North America, Inc., 1 year for $8.00 Although in-
tended primarily for physicians, roentgenologists, and
others interested in the chemical aspects of X-ray and
gamma radiations, it contains numerous feature ar-

ticles an dosimetry, exposure safety, radiation effects
on tissue, and 50 on, It is recommended for medical
officers and health physicists. Contains abstracts of
other literature.

4. Physical Review, Monthly, American Institute

of Physics, 1 year for $15.00. The official publica- g8

tion of the American Physical Society, sent to its
members. Advanced training in physics usually is
required to understand the articles which cover many
branches of physics. The great interest in nuclear
physics is seen by the large number of reports in this
and related subdivisions of physics.

Section 1II. TEXTBOOKS, COMMERCIALLY AVAILABLE

1. Introduction to Atomic Physics, by Otto Ol-
denberg, McGraw-Hill Co., 1949, $5.00. Intended
for those who have taken general college physics and
are familiar with the elements of chemistry. Stresses
the relationship between theory and observed facts.
An excellent text for the more advanced student.

2. The Structure of Matter, by F. Q. Rice and
E. Teller, John Wiley & Sons, 1949, $5.00. On a
Junior and Senior College level for physics majors,
Requires understanding of advanced mathematical
functions. Descriptive treatment of atomic and nu-
clear phenomena based on wave mechanics.

3. Electron and Nuclear Physics, by ]. Barton
Hoag and 5. A. Korff, D. Van Nostrand & Co., 1948,
$5.00. Presents the results of modern physics on the
college student level. Large section on nuclear phys-
ics. A unique feature at the end of each chapter is
the inclusion of detailed directions for performing
a number of laboratory experiments cn the more im-
portant concepts of modern physics.

‘4. Nuclear Radiation Physics, by R. E. Lapp and
H. L. Andrews, Prentice-Hall, Inc., 1948, $4.50. A
relatively non-mathematical treatment of topics of
interest to the radiological defense officers. Includes
most of the topics in the lecture portion of the 6
weeks' Radiological Defense Course.

5. Physics, Principles and Applications, by Mar-
genau, Watson, and Montgomery, McGraw-Hill
Book Co., 1949, $5.00. A general textbook for soph-
omores majoring in engineering, mathematics, and
physical sciences. Contains considerable basic ma-
terial on modern physics. A good reference text in
general college physics.
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6. Elements of Physics, by Alpheus W, Smith,
McGraw-Hill Book Co., 1948, $3.75. A general col-
lege textbook covering both the classical and modern
aspects of physics at 2 somewhat less difficult level
than text number 5.

7. Radioactivity and Nwuclear Physics, by J. M.
Cork, D. Van Nostrand Co., 1947, $4.00. A general
text on radioactivity more advariced than text number
4. 1t presupposes a good knowledge of mathematics
and physics at a level of the beginning graduate stu-
dent in physics, Includes problems and answers,

8. Explaining the Atom, by Selig Hecht, Viking
Press, 1947, $2.75. An interesting, light, non-math-
ematical narrative of the structure of the atom, atomic
energy, and the atomic bomb for those with no
special science background.

9. Foundations of Modern Physics, by Thomas
B. Brown, John Wiley & Sons, 1949, $3.30. An ex-
cellent presentation of the most important concepts
of modern physics with 2 minimum use of mathemat-
ics. Particularly good for officers with a limited
kmowledge of physics and mathematics who wish to
extend their understanding of modern physics, How-
ever, a basic knowledge of physics is presupposed.

10. The Science and Engincering of Nuclear
Power, by Clark Goodman, Addison-Wesley Press
Inc., Cambridge, Mass. 1947, (2 vols.) $7.60 per
volume. Material in these two volumes is based on
a series of seminars given at M.L.T. on chain-react-
ing systems. Volume I is primarily a generat sur~
vey of the fundamentals of chain-reacting systems.
Volume II presents certain specific topics in detail.
Valuable reference source for advanced students and
nuclear physics engineers.
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il. Election and Nuclear Counters-Theory and
Use, by S. A. Korff, D. Van Nostrand Co., 1947,
$3.00. Summarizes the pertinent facts regarding
the theory of the discharge mechanism and the prac-
tical operations of jonization chambers, proportional
counters, and Geiger-Mueller counter instruments.
Intermediate level.

12.  An Introduction to Electronics, by Ralph G.
Hudson, MacMiilan Co., 1949, $3.30. A non-math-
ematical presentation of the basic comcepts of con-
stitution of matter, electronic tubes, radio communi-
cations, television, and other.applications of electron-
ics. Some physics background is presupposed. Ex-
cellent for radiolopical defense officers who lack
knowledge of electronics.

13. Radioaciive Measurements with Nuclear
Emulsions, by Herman Yagoda, John Wiley & Sons,
1949, $5.00. This book has been designed primar-
ily as a guide on the use of emulsions in radioactive
measurements, Sufficient theoretical material is in-
cluded to understand the basic mechanisms involved.
Of special value to those interested in the problems
of radiological personnel exposure accounting sys-
tems, medical officers, and health physicists.

14. Aiomic Medicine, by Capt. Charles F. Behr-
ens {(MC(USN)), Thomas Nelson and Sons, 1947,
$7.50. Fills the need of bringing information on
basic nuclear physics and physical chemistry, radia-
tion biology and radiation therapy at an intermediate
level between the layman and specialist between the
covers of one book. An excellent reference book for
the radiological defense officer.

15. One World or None, by N. Bohr (Fore-
ward), McGraw-Hill Book Co., Inc, 1946, $1.00.
A report to the public on the full meaning of the
atomic bomb, given in a step-by-step analysis of the
basic problems involved in the use of atomic energy,
by outstanding scientists associated with the project,
in collaboration with authorities in the political and
military fields.

16. Scientists Against Time, by J. F. Baxter 3d,
Little, Brown and Co., 1946, $5.00. Brief officia!
history of the Office of Scientific Research and De-
velopment, a story of the development of weapons
of war, and also of the advance in the complex field
of human relations in a free world.

17. The Problem of Reducing Vulnerability o
Atomic Bombs, by Ansley J. Coale, Princeton Uni-

versity Press, 1947, $2.50. Because most of the
technigues required to study the practical methods by
which mankind can substantially reduce its vulner-
ability to atomic warfare lie within the field of compe-
tence of the social scientes, this report of the Com-
mittee on Social and Economic Aspects of Atomic
Energy is important.

18. Matter, Energy and Radiation, by J. R. Dun-
ning and H. C. Paxtor, McGraw-Hill Book Co., Inc,
1941 (3d impression) $3.50. Text originally pre-
pared for students taking first semester of 2-year
sequence in the sciences. This book, primarily in
physics and certain aspects of astronomy, also is in-
tended to serve as a principal reference text.

19. Alsos, by Samuel A. Goudsmit, Henry Schu-
men, Inc., 1947, $3.50. An account of the Alsos
Mission, a scientific Intelligence Mission, whose pur-
pose was to determine precisely the progress German
scientists had made with the atomic bomb, and why
they failed scientifically.

20. Atomic Energy in War and Peace, by G. G.
Hamley, Reinhold Publishing Co., 1948, $1.87. Sur-
vey of the subject of radioactivity and nuclear fis-
sion with emphasis on the facts relating to the manu-
facture of U 235 and plutonium.

21. Must We Hide! by R. E. Lapp, Addison-
Wesley Press, Inc., 1949, $3.17. The facts of atomic
bombings as revealed by the Bikini tests, are reported
in this book, and logical conclusions drawn from
them are discussed.

22. Nuclear Radisiion Physics, by R. E. Lapp
and H. L., Andrews, Prentice-Hali, Inc., 1948, $4.50.
An essentially non-mathematical approach to consis-
tent discussion of radicactivity and nuclear structure
is presented in this book which is the cutgrowth of
an elementary manual. Health Physics is included.

23. Dawn Ouver Zero, by William L. Laurence,
Alfred A. Knopf, 1946, $3.00. The story of the
first atomic bomb explosion at zero, the ¢code name
given to the spot in New Mexico chosen for the first
atontic bomb test,

24. General Physics, by Robert Bruce Lindsay,
John Wiley & Sonms, Inc,, 1940, $3.75. Basic intro-
ductory textbook for science students who have had
higher mathematics and elementary, descriptive
courses in physics.

25. Alomic Siructure, by Leonard B. Lach, John
Wiley & Sons, Inc, 1938, $4.50. In this book the
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early concept of the electron, the positive ray, ra-
dicactivity, and X-rays are presented in an experi-
mental and historical fashion. Special chapters are
included for students desiring additional knowledge
an nuclear structure.

26. Nwclear Physics Tables, by J. Mattauch, In-
ter-science Publishers, Inc., 1946, $10.20. Guide to
study of original literature concerning nuclear phys-
ics.

27. Atomic Artillery and the Atomic Bomb, by
John Kelloek Robertson, D. Van Nostrand Co., 1945,
$2.50. A revision of the author's “Atomic Artillery,”
published in 1945. The purpose of this book is to
explain, in language intelligible to a layman, the story
of developments in one branch of modern physics.

28. Imiroduction to Atomic Physics, (Revised)
by Henry Semat, Rinehart and Co., Inc., 1948, $4.00.
Revised edition brings data on the nucleus up to date,
but book still represents the content of a 1-semester
course for students who have had 1 year of general
college physics and calculys,

29. Atomic Energy for Military Purposes, by H.
D. Smyth, Princeton University Press, 1947, $2.00.
As 2 “report to the nation” the scientific and tech-
nical developments in the United States since 1939,
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culminating in the production of the atomic bomb,
are given in this book.

30. The “Particles” of Modern FPhysics, by J. D,
Stranathan, The Blakiston Company, 1942, $4.00.
Many of the essential fundamental! concepts of mod-
ern physics, and the experimental foundation for
these concepts are emphasized in this book which is
intended to serve also as a reference book for ad-
vanced students.

31. Applied Nuclear Physics, by Ermest Pollard,
John Wiley & Sons, Inc.,, 1942, $3.00. While pri-
marily a text to be read for description and expla-
nation, the technical aspect of nuclear physics is em-
phasized in this book. It is especially useful in the
fields of artificial radioactivity and transmutation,

312, Atomic Energy in the Coming Era, by David
Dietz, Dodd, Mead and Company, 1945, $1.20.
Problems of the atomic age discussed against the
niecessary background of information on which the
reader may base his own conclusions.

33, Owutlines of Physical Chemistry, by F. H.
Getman and F. Daniels, John Wiley & Sons, Inc.,
1943 (7 ed) $3.75. A technical presentation of
general topics found in physical chemistry at the level
of upper college level of chemistry or chemical engi-
neering.
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APPENDIX 11

VISUAL TRAINING AIDS

The use of visual aids in short courses is especially
to be encouraged. Where such aids are available,
they should be used to enrich the course and add
interest.

FILMS

THE ATOM STRIKES
Running time: 31 minutes

This film shows effects of atomic bomb explosion
on the cities of Hiroshima and Nagasaki. There is
an interview between an unseen questioner and a
Jesuit priest who witnessed the explosion at Hiro-
shima. He gives a vivid description of the explosion
as seen from his monastery about 4 miles from
zero point.

MISC 1235

TALE OF TWO CITIES
Running time: 11 minutes

A shorter version of MISC 1235, It shows the
effects of the atomic bomb explosions on the cities of
Hiroshima and Nagasaki in less detail. The effects
are limited to those received by structures and areas.
The film has been used during the teaching of Ex-
plosion Phenomena to show the direction and force
of atomic blasts,

ANSM-86

ANSM-74

ATOMIC POWER
Running time: 20 minutes

A March of Time film that shows the events lead-
ing to the first atomic bomb explosion. The people
who were directly concerned with the project have
reenacted the important events in the development
of the bomb. The film is excellent for an orienta-
tion of atomic defense courses, but may have been
seen by many people, as it was released some time
ago to the general public.,

ATOMIC ENERGY
Running time: 15 minutes

EBF 370

An especially good film to show in a few minutes,
elementary atomic structure and energy release.
Using animated drawings, the formation of helium
from the hydrogen atoms, the relationship between so-
lar energy and atomic energy and the loss or gain
of atomic energy are shown.

OPERATION CROSSROADS
Running time: 30 minutes

This is a color film of the two tests at Bikini.
Some of the methods used in observing the effects of
the blasts and in handling the radicactive planes and
ships are shown. It includes excellent views of
the explosions of both bombs—air and water bursts
-—and the effects of the blasts on the target arrays.

MISC 1323

PATHOLOGY
Running time: 12 minutes

Shows effects of radiation on the various organs
and tissues of the body. Material photographed is
from the autopsies on animals exposed in the Test
Able and Test Baker at Bikini. The language is
on the technical side.

CROSSROADS—RADIOLOG-

ICAL SAFETY

Running time: 27 minutes
Shows the safety procedures followed at Operation

Crossroads. Monitoring procedures, use of instru-

ments, film badges, and health physics group in ac-

tion are shown. Collecting samples for laboratory

MN 6664

MISC 1396

analysis is also shown.

INSIDE THE ATOM
Running time: 12 minutes
National Film
1270 Avenue of Americas
New York, New York

Released by the National Film Board of Canada,
this is a documentary film showing the various phases
of research work at the Chalk River Atomic Energy
Plant in Ontario, Canada.

ATOMIC PHYSICS
Running time: 1 hr. 30 minutes

British film produced by J. Arthur Rank Organiza-
tion using animation, historical reconstruction, living
speakers, original apparatus, and scenes of modern
research. It falls naturally into five parts which
can be run as one film, or separately, Part I—The
Atomic Theory; Part II—Rays from Atoms; Part
I111-—The Nuclear Structure of the Atom ; Part [V—
Atom Smashing: The discovery of the neutron;
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Part V—Uranium Fission: Atomic Energy. The
film ends with a valuable recapitulation of what
has been shown and a word about the future which
promises so much if peace remains unbroken.

THE ELECTRON
Running time: 16 minutes

Explains the nature of electrons, types of electron
flow, electromotive force, and magnetic fields.

REPORT ON THE ATOM
Running time: 25 minutes
The best available film on the future applications

of atomic energy in a world at peace. The major
emphasis is on the present program for harnessing
the atom for research in industrial metallurgy, agri-
culture, and medicine. Many interior scenes in the
various AEC laboratories are depicted, thus afford-
ing the public some much-needed impressions of the
size and complexity of the Commission’s research
program. There is an important speech by Mr,
Lillienthal on the dangers of over-enforcement of
security, and the film ends on a hopeful note for the
future of the atom’s work for peace.

Coronet Films MATTER AND ENERGY
207 East 37th Street Running time: 20 minutes
New York, New York

Discusses constitution of matter, physical and
chemical change, and atomic energy.

FILM STRIPS
Single Frame, 35 mm

THE STORY OF THE
Visual Sciences ATOMIC BOMB
Box 264 73 frames

Suffern, New York  Past price: $3.00

This is an excellently prepared series of 73 single
frames, photographs, and diagrams and charts. It
compares the steam, the electric, and the atomic
power ages. It gives the description of the nuclear
physics involved and also an historical background
leading up to the discovery of fission. It shows in
good visual style the various physical laws involved
and also includes several shots of the atom smash-
ers. 'The last nine frames have been taken from the
famous Smyth Report. Highly recommended as a
single, well-planned, coverage of the history, develop-
ment, and subsequent utilization of atomic energy
for both the bomb and power. Excellent for over-
all presentation in a single film strip.
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McGraw-Hill Book Co. CHEMISTRY
330 W, 42nd Street
New York 18, New York

Nine film strips on the study of chemistry consti-
tute this series of visual training aids, four of which
are pertinent to a technical, though elementary un-
derstanding of atomic emergy and its uses. The
level is out of senior high school ¢hemistry or fresh-
man college chemistry. The four filmstrips which
may be purchased individually at $5.50 each, are—

Filmstrip 1—The Kinetic Molecular Theory—

59 frames
Presents the laws of gases and shows the
numerous applications and phenomena ex-
plained by these laws.

Filmstrip 2—The Aiomic Theory—45 frames
Reviews the reasons that led to the develop-
ment of the theory and its use in explaining
many of the common basic laws of chemis-

try.
Filmstrip 5—The Struciure of the Atom—49
frames

Develops the concept of atomic structure, -

gained from X-ray study, molecular crys-
tal examination and bombarding atoms by
means of “atom smashers.” Identifies the

electron, proton, neutron, and explaing iso-

topes, ionization and chemical reactions.
Filmstrip 9—The Periodic Table—50 frames

Reviews earliest grouping of the chemical |
elements and develops the present periodic ]

table. Shows the interrelationship among
the elements in the various grouping.

LANTERN SLIDES

Keystone View Company ATOMS AND
Meadville, Pa.

This series of standard 4* X 5" lantern slides con-
sists of 5 units of 12 slides each, including an excellent
teacher’s manual with suggestions and test questions.
A unit may be purchased separately at $7.20 per
unit, The unit titles are—

Unit 1—The Idea of the Atoms.

Unit 2—Atoms, Isotopes, and Radioactivity.

Unit 3—The Smashing of the Atom,

Unit 4—Atoms—From Mass Analysis to Mass
Production,

Uit 5—Alamogordo to Bikini and Things to 4

Come,

An outstanding series of slides, well planned and
clearly presented in pictorial form. The level is that

of senior year high school or college freshman.

IRy

ATOMIC ENERGY

[T PR S,

Y P

A ap




The
resh-
vhich

ws the
ns 180-
ions.

among

D
‘ERGY

les con-
xcellent
testions.
20 per

sly.

APPENDIX III
GLOSSARY OF COMMON RADIOLOGICAL TERMS

Absorption coefficient—Fractional decrease in intens-
ity of a beam of radiation per unit thickness (lin-
ear absorption coefficient), per unit volume (mass
absorption coefficient), or per atom (atomic ab-
sorption coefficient ) of absorber,

Avtivation energy—The energy necessary to cause a
particular reaction to begin, Nwuclear: The
amount of outside energy which must be added to
a nucleus before a particular nuclear reaction will
begin. Chemical: The amount of outside energy
necessary to activate an atom or molecule so as to
cause it to react chemically.

Alpha particle—A helium nucleus, consisting of two
protons and two neutromns, with a double positive
charge. Its mass is 4002764 mu (mass units),

Alpha roy—Stream of fast-moving helium nuclei; a
strongly ionizing and weakly penetrating radiation.

Amplification—As related to detection instruments,
the process (either gas, electromic, or both) by
which ionization effects are magnified to a degree
suitable for their measurement.

Anode—Positive electrode ; electrode to which nega-
tive jions are attracted,

Atom~Smallest particle of an element which is cap-
able of entering into a chemical reaction.

Atomic mumber—Number of protons in the nuclens,

+ hence the number of positive charges on the nu-
cleus. Also the number of electrons outside
the nucleus of a neutral atom. Symbol: Z,

Atomic weight—Relative weight of the atom of an
element compared with the weight of one atom of
oxygen taken at 16; hence, a multiple of 1 the

weight of an atom of oxygen. 16

Atomic Warfare—Warfare involving the employment
of atomic weapons.

Atomic Weapon—A weapon, either explosive or
nonexplosive, employing nuclear energy.

Avglanche—Process in which one electron pro-
duces a large number of additional free electrons
by collision,

Avogadro’s law—Hypothesis that equal volumes of
all gases at the same pressure and temperature
contain equal numbers of molecules. Hence, the
number of molecules contained in 1 em® of any gas
under standard conditions is a universal constant.

Avogadro's number—Number of molecules in o
gram-molecular weight of any substance (6.03 X
10" molecules) ; also, the number of atoms in a
gram-atomic weight of any element.

Backgrownd counting rate—Rate of radiation count-
ing due to cosmic rays, to radicactive materials in
the vicinity, and to a slight radioactive contamina-
tion of the materials of which the instrument is
made.

Backscattering—Process of multiple scattering of ra-
dioactive particles from radicactive samples
mounted on or near other matter, This results in
additional particles entering a detector, Correc-
tions for this effect may be made for each geometry
factor used.

Beta particle——Charged particle emitted from the nu-
cleus and having a mass and charge equal in mag-
nitude to those of the electron,

Beta ray—A stream of beta particles, more penetrat-
ing but less jonizing than alpha rays; a stream of
high-speed electrons.

Binding energy—The energy represented by the dif-
ference in mass between the sum of the component
parts and the actual mass of the nucleus.

Calorie—Amount of heat necessary to raise the tem-
perature of 1 gm of water 1°C. (from 14.5°C. to
15.5°C). Abrev: cal

Cathode—Negative electrode; electrode to which
positive ions are attracted.

Cation—DPositively charged ion.

Chain resction—Any chemical or nuclear process in
which some of the products of the process are in-
strumental in the continuation or magnification of
the process.

Coincidence correction—Correction of the observed
counting to indicate the true counting rate, made
necessary because counters have an insensitive
time. Sometimes called coincidence loss correc-
tion.

Conservation of mass-energy—Energy and mass are
interchangeable in accordance with the equation
E = mx, where E is energy, m is mass, and ¢ is
velocity of light.

Coulomb’s low of elecirostatic charges—-The force of
attraction or repulsion exerted between two elec-
trostatic charges (). and Q. a distance s apart
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separated by 2 medium of dielectric value E s
given by the equation :
Q.Q:

Eg'

Counting rate-voliage chargcieristic—The counting
rate of a radiation counter tube as a function of
operating voltage for a given constant intensity
of radiation.

Critical size—For a fissionable material, the mini-
mum amount of a material which will support a

Cross sechion (nuclear }—Area subtended by an atom
or molecule for the probability of a reaction.

Curie—Standard measure of rate of radicactivity de-
cay; 3.7 X 10" disintegrations/sec.

Dead time--Time interval, after recording a count,
during which the counter tube and its circnit are
completely insensitive and do not detect other
ionizing events.

Decay—Disintegration of the nucleus of an unstable
clement by the spontaneous emission of charged
particles and/or photons.

Decay time—See half-life.

Decay curve—Graph relating decay rate (counts per
unit time) of a radicactive sample to time,

Densitometer—Instrument utilizing the photoelectric
principle to determine the degree of opacity of de-
veloped photographic film.

Deuterium—A heavy isotope of hydrogen having one
proton and one neutron in the nucleus. Symbol:
Dor .H'

F=

Deuteron—Nucleus of a deuterium atom, contain-

ing one proton and one neutron.

Dosimeter—Instrument used to detect and measure
an accumulated dosage of radiation.

Dyng—Unit of force, which, when acting upon a mass
of 1 gm, will produce an acceleration of 1 cm/ sec'.

Efficiency of a radiation counter tube—Probability
that a count will take place when the radiation to be
detected enters the effective volume of the counter
tube.

Electrode—Either terminal of an electric source.

Electrometer—Electrostatic instrument for measur-
ing the difference in potential between two points,
Used to measure change of electric potential of
charged electrodes resulting from ionization pro-
duced by radiation.

Electron—Negatively charged particle which is a
constituent of every atom. Unit of negative elec-
tricity equal to 480 X 10 esu. Its mass is
0.000548 mu.
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Electron volt—Amount of energy gained by an elec- |
tron in passing through a potential difference of 1
volt. Abbrev: ev :

Electroscope—Instrument for detecting the presence 4E
of electric charges by the divergence of charged ¥
bodies {usually gold leaves). ]

Electrosiatic field—The region surrounding an elec- §
tric charge in which another electric charge ex- W

periences a force.

Electrostatic unit of charge (statcowlomb)—That ¥

quantity of electric charge which, when placed in &
a vacuum 1 cm distant from an equal and like )
charge, will repel it with a force of 1 dyne.

Element—Pure substance consisting of atoms of the
same atomic number, which cannot be subdivided
by ordinary chemical change.

Endoergic reaction—Reaction which absorbs energy. °

Energy—Capacity for doing work. Potential energy
is the energy inherent in a mass because of its posi-
tion with reference to other masses. Kinetic en-
ergy is the energy possessed by a mass because of
its motion ; ¢gs units: gm-cm'/sec’ or erg

Erg—Unit of work done by a force of 1 dyne acting
through a distance of 1 em. Unit of energy which
can exett a force of 1 dyne through a distance of
1 cm; cgs units: dyne-cm or gm-cm’/sec’

Exoergic reaction—Reaction which liberates energy.

Film badge—Small piece of X-ray or similar photo-
graphic film enclosed in a lightproof paper usually
crossed by lead or cadmium strips, carried by a
person, in a small metal or plastic frame. The
badge is used to determine the amount of radiation
to which an individual is exposed. -

Fission—See Nuclear fission.

Fission producis-—Elements and/or particles pro-
duced by fission.

Foree—The push or pull which tends to impart mo-
tion to 2 body at rest, or to increase or diminish the
speed or change the direction of a body already in
moetion.

Fusion—See nuclear fusion.

Gammma ray—High-irequency electromagnetic radia-
tion with a range of wave length from 10--' to
10— cm, emitted from the nucleus.

Gas omplification—Ration of the charge collected to
the charge produced by the initial ionizing event.

Geiger-Mueller (G-M ) counter—Highly sensitive gas
filled radiation-measuring device which operates at
voltages above the Geiger threshold and below
voltages at which complete gaseous break-down
would occur.
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Geiger region—Voltage interval in which the charge
transferred per isolated count is independent of the
charge produced by the initial jonizing event.

(reiger threshoid—Lowest voltage at which all pulses
produced by an iomizing event are the same size
regardless of the energy of the initial ionizing
radiation.

Geomeiry factor—The fraction of the total solid angle
about the source of radiation that is subtended by
the detector.

Groham’s low—The relative rates of diffusion of gases
under the same conditions are inversely propor-
tional to the square roots of the densities of the
gases.

Gravitation—Universal force of attraction existing
between all material bodies,

Half-life—Time required for a radioactive substance
to lase S0 percent of its activity by decay.

Half thickness—Thickness of absorbing material
necessary to reduce the intensity of radiation by
one-half.

Heavy water—Popular name for water which is com-
posed of two atoms of deuterium and one atom of
oxygen.

Hydro atom—The atom of lightest mass and simplest
atomic and nuclear structure, consisting of one pro-
ton with one orbital electron. Its mass is 1.008123
mu.

Induced Radioactivity—Artificial radioactivity which
may be produced in certain elements as the result
of the capture of neutrons by these elements.

Initial ionizing evemt—Ionizing event which initiates
a count.

Integrating circuit—Electronic circuit which records,
at anv time, an average value for the number df
events occurring per unit time ; or an electrical cir-
cuit which records total number of ions collected in
2 given time.

Intensity of rodigtion—Amount of radiant energy
emitted in a specified direction per unit time and
per unit surface area.

Ton—Atomic particle, atom, or chemical radical
(group of chemically combined atoms) bearing an
electrical charge, either positive or negative, caused
by an excess or deficiency of electrons.

Ton chamber—Container of gas in which an electric
field exists because of a system of charged elec-
trodes.

lonization—Act or result of any process by which a
neutral atom or molecule acquires either a positive
or a negative charge.

lonization potential—The potential necessary to sep-
arate one electron from an atom with the formation
of an ion with one elementary charge.

Tonizing event—Ewent in which an ion is produced.

Isobars—Elements having the same mass number
but different atomic numbers.

Isotope—Orne of two or more forms of an element
having the same atomic number (nuclear charge)
and hence corupying the same position in the
periodic table. All isotopes are identical in chem-
ical behavior, but are distinguishable by small dif-
ferences in stomic weight. The nuclei of all
isotopes of a given element have the same number
of protons but differ in the number of neutrons.

Magnetic field—The region surrounding a magnetic
pole in which another magnetic pole experiences a
force,

Mass—Quantity of matter.

Mass number—The number of nucleons in the
nucleus of an atom.

Symbol: A
Mass unit—~Unit of mass based upon 1 the weight of
16
an oxygen atom (80") taken as 16.00000. Ab-
brev: mu

Mean free path of a molecule—Average distance
which a molecule moves between collisions. Ab-
brev: MFP

Meson—Short-lived particle carrying a positive or
negative charge or no charge and having a variable
mass in multiples of the mass of the electron. Also
called mesotron.

Mesotron—See meson.

Metasiable state—An excited state of a2 nucleus which
returns to the ground state by the emission of a
gamma ray over a measwrable half-life.

Mev—Abbreviation for million electron volts. See
electron volt.

Molecufe—Ultimate unit quantity of a compound
which can exist by itself and retain all the prop-
erties of the original substance.

Molecular weight—Sum of the atomic weights of all
the atoms in a molecule.

Monitoring, radiologicol-—Determination of the ex-
istence and the intensity of radiation present in a
given object or area.

Neutron—Elementary nuclear particle with a mass
approximately the same as that of a hydrogen atom
and electrically neutral ; a constituent of the atomic
nucleus. Its mass is 1.00893 mu.
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Newtow's laws of motion—1, Every body continues
in its state of rest or of uniform motion in a
straight line except insofar as it may be compelled
to change that state by the action of some out-
side force. 2. An unbalanced force acting upon
a body causes the body to accelerate in the direc-
tion in which the force is applied, and the accelera-
tion is directly proportional to the magnitude of
the unbalanced force and inversely proportional
to the mass of the body. 3. For every action
there is an equal and opposite reaction.

Nonself-quenching counter tube—Counter tube which
requires the use of a quenching circuit to terminate
the discharge.

Normalized plateau slope—Slope of the substantially
straight portion of the counting rate-voltage char-
acteristic expressed as a ratio of the percentage
change in counting rate near the midpoint of the
plateau to the percentage change in operating volt-
age.

Nuclear fission—A special type of nuclear transfor-
mation characterized by the splitting of a nucleus
into at least two other nuclei and the release of a
relatively large amount of energy.

Nuclear fusion—Act of coalescing two or more nu-
clei.

Nucleon—-Common name for the constituent parts
of the nucleus. At present applied to protons and
neutrons, but will include any other particle found
to exist in the nucleus.

Nucleon number—The number of nucleons in the
nucleus of an atom. Identical with the mass
number of A number.

Nucleus—Heavy central part of an atom in which
most of the mass and the total positive electric
charge are concentrated. The charge of the nu-
cleus, an integral multiple (Z) of the charge of
the proton, is the essential factor which distin-
guishes one element from another. Z is the atomic
number.

Nuclide—A general term referring to all nuclear
species—both stable (about 270) and unstable
(about 500—of the chemical elements as distin-
guished from the two or more nuclear species of a
single chemical element which are called isotopes.

Operating voltage—Voltage across a radiation
counter tube in the quiescent state.

Packing fraction—Difference between the atomic
weight in mass units and the mass number of an
clement divided by the mass number and multi-
plied by 10000. It indicates nuclear stability.
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The smaller packing fraction, the more stable the

element.

Photoelectric effect—-The process by which a photon
ejects an electron from its atom. All the energy
of the photon is absorbed in ejecting the electron
and in imparting kinetic energy to it.

Photo dosimeiry—Determination of the accumulative
dosage of radiation by use of photographic film.
Photon—A quantity of energy emitted in the form
of electromagnetic radiation whose value is the
product of its frequency and Planck’s constant.

The equationis: E = hv

Planck’s constani-—A natural constant of proportion-
ality h relating the frequency of a quantum of en-
ergy to the total energy of the quantum;

E -
h=—=266 X 10™ erg-sec
v

Plateau—Approximately horizontal portion of the
counting rate-voltage characteristic of a radiation
counter tube. Voltage range throughout which

any ionizing event, regardiess of type or energy,
will give the same size pulse.

Positron—Nuclear particle equal in mass to the elec- 3
tron and having an equal but opposite charge. Its §
mass is 0.000548 mu.

Potential difference—Difference in potential between
any two points in a circuit; work required to carry |
a unit positive charge from one point to another. !

Power—Time rate of doing work; time rate of ex-
penditure of energy; cgs unit: gm-cm'/sec’ 5

Pressure—Perpendicular component of force applied §
to a unit area; total force divided by total area;
cgsunit: dyne/cm'

Primary electron—The electron ejected from an atom
by an initial jonizing event, as caused by a photon
or beta particle.

Proportional counter—Gas-filled radiation detection
tube in which the pulse produced is proportional to
the number of ions formed in the gas by the pri-
mary ionizing particle.

Proportional region—Voltage range in which the gas

amplification is greater than one and in which the

charge collected is proportional to the charge pro-
duced by the initia] ionizing event.

Proton—Nuclear particle with a positive electric,
charge equal numerically to the charge of the elec-
tron and a mass of 1.007575 mu.

Quantum—A discrete quantity of energy equal to the
product of its frequency and Planck’s constant.

The equation is: E = hv
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Quantum level—An energy level of an electron, dis-
tinct from any other of its energy levels by discrete
quantities dependent upon Planck's constant.

Quantum number—One of a set of integral or half-

integral numbers, one for each degree of freedom.

which determine the state of an atomic system in
terms of constants of nature.

Quantum state—See quantum level.

Quontum theory—Concept that energy is radiated in-
termittently in units of definite magnitude called
guonis.

Quenching—Process of terminating the discharge in
a counter tube.

Quenching circuit—Circuit which causes the dis-

charge to cease.

Quenching vapor—Polyatomic gas used in Geiger-
Mueller counters to quench or extinguish a pulse,
thus eliminating the need for an external quenching
resistor of an electroni¢ circuit. The quenching
action of vapor results from its absorption of ultra-
violet photons emitted by excited atoms and pre-
vents emission of secondary electrons when ions
reach the cathode.

Radiation—1. Any electromagnetic wave (quantum).
2. Any moving electron or nuclear particle,
charged or uncharged, emitted by a radicactive
substance.

Radioactivity—Process whereby certain atoms un-
dergo spontaneous atomic disintegration in which
energy is liberated, generally resulting in the
formation of new nuclides. The process is zc-
companied by the emission of one or more types of
radiation, such as alpha particles, beta particles, and
gamma radiation,

Radiological Defense—Protective measures to mini-
mize personnel and material damage from radio-
activity. This definition is interpreted to include
measures such as: Training, organization, and dis-
tribution of personne!; development, provision, and
maintenance of fixed and portable structures and
equipment ; use of detecting equipment ; protection
or removal of exposed personnel, and decontamina-
tion of personnel, equipment, structures, or terrain.

Radiological monitoring—Sce monitoring, radio-
logical.

Radiological Warfere—Radiological warfare is de-
scribed as the offensive and defensive use of radio-
activity in warfare. The offensive phase includes
the use of radioactive materials and atomic bombs
when used primarily for their radicactive effect.

It also includes the secondary radiocactive effect of
atomic bombs used primarily as blast or incendiary
-weapons. The defensive phase of radiological war-
fare encompasses the field of Radiological Defense.

Radiological Weapon—An atomic weapon in which
radioactive substances are employed primarily to
create hazards by utilizing radiation to injure en-
emy persennel or to contaminate material.

Rate meter—See inlegrating circuit.

Reaction—Any process involving a chemical or
nuclear change,

Recovery time—Time interval, after a count record-
ing, before the pulses produced by the next ionizing
event in the counter are of substantially full size.

Relative plateau siope—The relative increase in the
number of counts as a function of voltage expressed
in percentage per 100 volts increase above the
Geiger threshold.

Resistance—The opposition offered by a conductor
to the passage of electric current through it. Prop-
erty of a conductor, depending on its dimensions,
material, and temperature, which determines the
magnitude of the current produced by a given dit-
ference in potential. The practical unit of resist~
ance is the ohm,

Resolving time—Minimum time interval between
counts which can be detected. It may refer to an
electronic circuit, a mechanical recording device,
or a counter tube,

Roentgen—quantity of X or y radiation which
produces 1 esu of positive or negative elec-

. tricity/cm® of air at standard temperature and pres-
sure or 2.083 X 10 ion pairs/cm® of dry air.

Rutherford—Unit of radicactive disintegration rate
equal to one million (10") disintegrations per sec-
ond. Abbrev: rd

Secondary electron—An electron ejected from an
atom by the primary electron or by another sec-
ondary electron already ejected.

Self-absorption—Absorption of radiation by the
source material itself.,

Self-guenching counter tube—Counter tube in which
the discharge is terminated by an internal mechan-
ism with the tube.

Spurious couni-—Count caused by an agency other
than the radiation which it is desired to detect.

Sitatcoulomb—>See electrostatic unit of charge,

Unfissioned Material—Fissionable material which
has not undergone fission. In the instance of an
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atomic bomb explosion, unfissioned material con- Work---The transier of energy by the application of
sists of that portion of the original bomb material a force through a distance. Product of a force and

which did not enter into the nuclear reaction, Un- the distance through which it moves; cgs unit: 1
fissioned material is an alpha particle emitter. gm—cm’/sec’ |

Voltage pulse—Change in the voltage of the central - Yield, fission—The percentage of a given isotope
electrode system of a counter tube. formed in 2 fission reaction.
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APPENDIX IV

of
:md MISCELLANEOUS TABLES AND GRAPHS
it : Table V11,
tope TABLE OF SOME COMMOW RADIOLOGICAL QUANTITIES AND CONSTARTS
Angstrom unit 1 - 10“ om

=10 * mioron

Avogadro's number No = 8,025 x 10:: moleacules/gm-mole
Britlsh therms! unit Btu = 252 cal
= g fi~1b

= 1,06 joules

-
= 2.98 x 10  kwhr

Calorie cal = 0.003967 Btu
» 4.2 joules

w 1.18 X 10 © kwehr

ed
Centimeter cn = 10 A
= 0, 3087 in.

- 10‘ microns

- 3.7 x 101°,diaintegrations/aea

Curle

Electron, charge o = 4.80 % 10-10 atatcoulomb or esu
= 1.80 x 10 2° abeculomb or emu
- 1.80 x 10 2° soulomb

Electron, volt ev = 1.8 xc1o"“ erg

- 1,8 10_19 joule

Energy equivalent of mass 931 Mevw

of unit atoalc welght

Erg = 7.37 %X 10 © ft=1b

= 10 7 joule
e

Gram gn = 8.24 10' Mev




Toble V11 —Continued

bp = 6.02 x 10*® mu

Horsepower
= E50 f4-1b/mec
= 748 watis
Joule = §.48 x 10 * Btu
= (.239 oal
= 107 erga
» 8.25 x 10°® av
= 2.76 x 10 ' kw-hr
Nass of
sipha particle m = 8.508 x 10 °% gm
electron {rest mass) o, = 9,107 % 10 °° g
n* atom mH" = 1.873 x 10—'“ §m
neutron Z, = 1.875 % 10 ° oo .
proten my = 1.878 x 10 °* g )
4
Mass unit ma = 1,860 x 10 °% gm
= 031 Mev
=1.49 % 10 ° erg
Planck®s constant h = 8.82¢4 x 10*“ erg—sec
Rosntgen r = 1 statooulomb/em® (air)
= 2,088 x 10° fon pairs/co® {air)
= 1.81 % 10*? ton paire/gn (air)
= 8.77 x 10% Mev/om® {air)
= 5.24 X 10° Mev/gm {sir)
= B83.8 ;rgs/gm (air)
Rutherford rd = 20% disintegrations/asc
Yeloclty of ltight in vacyus o = 3 x 10*° cn/aeo
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Tabie Vi
TABLE OF MASS-ENERGY COMVERSIONS

Multiply— by-— to obtain—

9.8t x 10° Mev
1.49 x 10 ° ergs

Mass units {mm) -
3.68 x 10 oalories
4.16 x 10 7 Xilowati~hours o
1.07" x 10-3 mage unita
1.80 x 10 ° erges

Mev -
3.88 x 10 14 calories {
4.45 x 10 *° kilowatt-hours
8.m x 10* mass units
8.24 x 10° Mev

Erge -a
2.38 x 10 oalories
2.78 x 10 ¢ kilowatt~hours H
2,81 x 10%° mass unite
2.82 x 1013 Mev

Calories (oal) "
4.18 x 10 erds
1.18 x 10“‘ kilowatt-hours
2.41 x 1010 mass units
2.25 x 10*° Mev

Kilowatt—-hours

(kw-nr) 3.60 x 10*? erge

8.680 x 10° calories
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Table IX. Eltctromagnetic Spectram

. ) Energy of Photon
fo ] ang
(cyol'qoun /ue,o) Kave Length 3
eleotron volts ergs &
Cosmio—d |- 20 |- 3x10%%F -|- 41x10°® -|- sex1200* -
- 10" ~|- 8x107*% -|- 41x10" -[- esx100?® -
Gamma Tl- 10" —-=- 3= 10-': -|- 41x12® -[- a.8 x 10 ¢ -
[" - m” il £t 8*10-"; -1- 4.1*105 -|- e.exlo-v -
- 10“ -l 0.33. -—- 4.1x 10' |- 6.8 x 10 © -
1 rl- w0* -- = ~|- 4.1x10° -|- se8x10°" -
- 10" |- a0k “|- 41x120" -|]- es8x100¥ -
Ultraviolet — |~ m:: —l- a0l . |7 erxd ~i- eex 10:: -
|- 10 -l- ax10®x -|- 41 ~l- 8.8 x10 -
Visible =|- 10* |- sx10%iF -~ 0.4 -|- 8.8 x1073* -
Intrared —] - 20'°  -|- a0s -|~ 41x10° -|- eex10* -
- 10* —|- . s00u -|- 41x10" ~|- s8x1 5 -
~l- 10 ~|- 3 -~ 41x10* -|- sex10 -
- 10 |- 3eca -l- 41x10° —[- gaex107 -
- 10° —|= 30 om -l 41x10° ~|- eex10"® - ;
Redio -~  10° ~- 3= - €1x107 ~|- eaxw0* -| ¥
- 107 —— 30m ~- 41x10° —-|— sex1 % - ‘
- 10° —|— 300 m -|- 41x10° —-|— 8.6x10° - £
- 10° <~ 2 ~]- 41x10¥® |- s8x10** =
~-|- 10* ~[— 20 m -l ¢1x10* -~ sex10" - ,
Eleotric — [~ 1o* ~|- 200 m —|- ¢1x120°®~- gax1w " -] =
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Taoble X.

Physical Scale

ATOMIC MASSES IN MASS UNITS

2 A b4 A
No. Element No. Mass (mu) No. Element No. Mans () -
-1 Kleotron (4] 0.000548 8 PFluorine 18 18.0175°"
Q0 WReutron 1 1.00893 17 17.0078
1 Proton i 1. 007576 is 18, 00885
1 Hydrogen 1 1,008128" 19 19. 00450*
2 2.014708" 20 20.0087
3 3.01702 21 21.0050"*
1 Deuteron 2 2.014174 10 Neon 18 18.0114**
2 Alphs 4 4.002764 19 10.00781
2 Helium 3 3.01700° 20 19.09077°*
4 4.00200* 21 20.99963%
b 5.0137 22 21.90844*
0 8.0200 . 23 23.0013**
8 Lithium 5 5.01%8"" 11 Bodium 21 21.0085*"
.8 8.01807°* 22 21.9000
o 7.01822* 23 22,00818*
8 8.02602 24 23.9978
4 Beryllium 8 8.0219 28 24.0087°*
7 7.01916 12 Magnesium 22 22.0082"*
8 8.00785 23 23,0002
? 9.016508* 24 23.9924"
10 10.01877 25 24.9088"
11 11.0277** 28 - 25.90808"*
b Boron g 9.01620 27 28.9928
10 10.01818* 183 Aluminum 25 24.9081
11 11.01284* 28 25.9029
iz 12,0190 27 268.0800°
18 13.0207*" 28 27.9903
8 Carbon 10 10.02100 20 28,9803
11 11.01405 30 20,90054"*
iz 12.00882° 14 8Siliocon 27 26,3940
13 18.00761* 28 27.0868"
14 14.00787 20 28.0888"
ib6 16.0185"" 30 20.9832"
7 Nitrogen 12 12.0¢ e 31 30,9882
13 13.00888 832 31. 9 bl
14 14.00751* 15 Phosphorus 20 28.0019%*
16 16.00480°" 80 20.98738
18 18.00888 31 30.0843"
17 17.014°* a2 31.0827
8 Oxygen 14 14.0131°** 33 §2.9828*~
16 160078 18 Sulfur 31 30.5800°°
18 18.000000* a2 31.958080"
17 17.00450* a3 32,.9800"
18 18.00400° 34 33.97710°
18 19.0130" a6 34,0760




Table X—Continued

A 2
Rlement No. Mass (mu) No. Element No. Masa (mu)
Sulfur a8 a5.078" 30 2Zino 84 83.054"
17 Chlorine a3 32.0880%* 86 84, 06654
a4 33.09801 88 85.954"
as 34.07887" 87 66.p64"
38 35.9788 és a7.966*
a7 36.97750* . 70 80.964"*
as 37.981 31 Gallium 89 as,. 962"
39 38.9794"" 71 70.052"
18 Argon 35  34.9850** 32 QGermanium 74
as  35.9780" 78
87 38.9777** 33 Arsenio 75 74.934*
38 37.974" 84 Belenium 78 77.838*
ag 38.9756** 80 70. 042"
40 a9, 9758" 35 Bromine 7o 78.029*
41 40. 9770 81 80.930°
19 Potapsium a7 38.9830*" 36 Krypton na 77.946"
as  37.oves*” 82 81,939*
30 38.9747% 84 83.938"
40 30.9780* 88 B86.939"
41 40.9739"* 37 Rubidium 86
20 Calcium 40 39.9763* 38 Strontium 84
42 41.9711* 88
43 42.9723" 87
45 44.988 88
21 Scandjum 45 44.0880* 32 Yttrium 89
48 45.08900** 40 Zirconium 20
22 Titanium 48 45.9881" 21
47 48.9647"* or
48 47.90831* 24
49  48.0848*% = 0]
50 49.96821"* 41 Columbium 23 92.928*
B1 50.98587 42 Molybhdenum 24 23.945°
23 Vanadium b1 50.9577% a5 04.048°
B2 51.958567** 98 95.944°
24 Chromium 51 50. 858 o7 98.046"
62 51.906568" o8 P7.543"
53 52.958° 100 909.0945"
54 53.080" 43 Technetium
256 Manganese 66  54.957* 44 Ruthenium 08  05.9457
28 Iron 54 53.957" 88 97.943
58 55.9588* 09 98.044"
57 b8.957* 100 09. 042
27 Cobalt te ] BB.94" 101 100.9468
28 Nickel bs 57.9594°* 102 101.941
80 59.9406* 45 Rhodium 103 102.941
81 80.9537* 48 Palladium 102 101.941°
a2 81.9493" 104 103.941°
84 83.9471 106 104.942°
20 Copper a3 82.957" 108 105.941°
84 63.9E6 108 107.941°
a6 84.955 110 109.p41"




Table X—Continued
Z A Z A
No. Element Ko. Mass (mu) No. Element No. Mass {mu)
47 Bilver 107 108.948* 84 Gadolinium 154 153.871*
108 107.047 156 164.071"
109 108.944" 158 155.973"
48 Cadmium 108 157 . 168.978"
108 188 157.078*
110 160 159.974°
111 85 Terbium 159 -
112 68 Dyaprosium 158
113 180
114 161
118 182
49 Indium 113 143
115 1684
50 Tin 115 114.940" 87 Holmium i85 164.98°
118 1165.939" 88 Erbium 182 T
117 118.937" 164
118 117.937" . 108
119 118.038* 187
120 116.937" 168
122 121.945° 170
- 124 123. p44* 890 Thuljum 189
61 Antimony 121 70 Ytterbium 168
123 170
52 Tellurium 128 126.987" 171
128 127.938" 178
53 Iodine 127 128.933" 178
54 Xenon 1290 128.948" 174
132 131.046° 176
56 Cesium 71 Luteocium 176
56 Barium 138 137.918° 72 Hafnium 174
57 lLanthanum 139 188.053° 1768
58 Cerium 138 177 :
1238 178
] 140 179
142 180
5@ Praseodymium 141 73 Tantalum 181 180.928°
- 80 Neodymium 145 144.982° 74 Tungsten 184 184,00"
3 a 146 145.982° 76 Rhenium 187 186.981°
& 148 147.982° 768 QOsmium 189 189.04"
150 140.984° 190 190.080"
81 Prometheum 147 102 192.04"
82 ESamarium 144 77 Iridium 191 191.040"
147 . 193 108.040*
149 78 Platinum 104 104.039"
150 196 196.039"
1562 108 196.030"
1564 108 198.060*
83 EBuropium 161 78 Gold 167 107.089*
163 80 Merocury 200 200.028*




Table X—Continued

473

o il

A z A
Element No. Mass (mu) No. Element No. Mass (mu)

Thallium 208 208.050* 91 Protoactinium 231

2056 205.050 82 Uranium 236 285.31133"
Lead 204 £204.050* 288 238,1204"

208 208.050* 93 Neptunium 284 234.1110**

207 207.050" 286 235.1187**

208 208,050* 238 2396.1158°"
Bismuth 200 200.050* 237 287.1178**
Polonium 210 288 288.1100"°
Astatine 211 239 230.1222°*
Radon 222 94 Plutonium 238 288.1197°"
Francium 2238 2389 289.1228**
Radium 2268 228.10" g5 Amsricium 241 241,1280*"
Actinium 227 98 Curium 240 240.1280°*"
Thorium 282 232.12* 242 242,1208*7

234 234.1121

.
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* Mass of isotope
** Mass oaloulated
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THE ABSORPTION OF CHARGED PARTICLES IN MATTER—SHIELDING

The graph, figure 45, gives an interesting relation-
ship between energy of charged particles and their
penetrating or range in aluminum and air. The
penctrating power of any charged particle is depend-
ent upon the size of the particle, the substance it is
moving in, and the initial energy of the particle. For
example, it can be seen from the graphs that for the
same ipitial energy the alpha particles penetrate the

least, while the beta particles, very much smaller than
the alphas, penetrate the most in aluminum, The
range of deaterons and protons lies in betweer, since
their size is intermediate between the alphas and
betas. The greater the initial energy of the particle

Range of particles in cm

Profons in Al
.

the greater the penetration. Generally, the denser the
materizal, the less the penetration.

It may be expected that a material which reduces
the range of these radiations, in effect, serves as s
shield against the radiation; hence, the interest which
the radiological defense officer has in the stopping
power or ahsorption coefficient of various substances.
Figure 46 shows the absorption of gamma rays of dif-
ferent initial energy by lead. Especially important
is the “total effect” curve.

A rather easy method to determine the shielding
thickness of several common substances to gamma
rays when the activity, and working time are given, is
possible by the use of table XI.

lphas in Air

fas in At

~Devlerons in Al

“Alphas in Al

e L ¥ 1

Qoo , y

2 4

6 8 0 12

Energy of particles in mev
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Table X1, Gamma-Ray Shislding Dato

1
.

Activ- Egergy (Mev) -
ity - 02 0.5 08 1 1.5 2.0 25 3.0 6.0
W0me - .50 ~ .86 -1.02 —1.05 - .83 - .61 — .30 — .18 - .23
20me ~ .36 — 44 - 33 - .14 4+ .33 4+ .76 4+ 1.06 4+ 1.36 + 1.88
SO0me - .17 4+ .00 4+ .59 4+ 1.04 4+ 1.82 4 2.55 + 2.95 4+ 3.30 + 3.58
10me - .03 <4+ .33 41,28 4+ 1,95 4 2,97 4+ 3.92 4+ 4.41 4+ 4.79 + 65.03
200me <4 .10 <+ .91 +41.97 4 2.85 + 4.11 + 5.27 + 5.84 + 6.26 + 5.47
500me + .30 +1.46 +2.80 4+ 4.04 4 5.61 4+ 7.08 4+ 7.76 + 8.22 4 8.38
le + .42 +1.86 43.57 4+ 4.94 4+ 6.75 4 8.43 + 9.19 <+ 0.69 <+ 0.82
2¢ + .56 +2.27 $4.27 4+ 5.84 4 7.87 + 9.78 +10.63 +11.16 +11.25
So + 75 +2.81 45.19 4+ 7.03 + 9.39 411.58 +12.54 +13.12 +13.17
10¢ 4+ .80 43.22 45.87 4+ 7.94 +10.52 412.94 +13.98 +-14.59 +14.60
20 ¢ 4+1.03 +3.63 <46.57 4 8.84 11,67 +4+14.31 +15.43 +16.08 +16.06
50 ¢ 41.21 +4.17 +7.47 410.02 +13.16 +416.09 +17.33 +18.02 +17.95
100 ¢ +1.36 +4.858 <+8.18 +410.93 +14.31 +17.46 +18.78 419.51 +19.41
Danger

Rapge plus plus plus plus plus plus  plus  plus  plus

20 em +.64 +1.90 43.22 +44.10 45.28 +46.31 +6.70 +8.68 46.70
50 cm 4+.28 + .83 +41.39 +41.83 +42.32 +2.76 +2.93 43.00 +2.93

l1m .00 .00 .00 .00 .00 .00 .00 .00 .00

2m -.28 —~ .83 -1.39 -1.83 -—-2,32 -2.76 -2.93 -3.00 -2.93

S5m -.64 -1.00 -3.22 -4.19 -528 ~6.31 -6.70 -6.88 -—6.70
10 m -.92 -2.71 —-460 -5.98 -—-7.56 ~9.02 -9.57 -9.80 -—9.57
Working

Time plus  plus plus plus plus plus plus plus plue

1hr.day —.41 —1.22 —2.08 —2.60 —3.40 -4.06 —-4.31 —4.41 -—4.31

2 ~.28 — .81 —1.37 ~1.79 —2.26 -2.70 -2.87 —2.94 -—2.87
4 —14 — .14 - .69 — .90 —1.14 -—~1.35 -1.44 -—1.47 -1.44
8 .00 .00 .00 00 .00 .00 .00 .00 .00
24 4+.18 + .53 +1.10 +1.17 +1.48 41.786 +1.87 +1.93 +1.87

Absorber times times times times times times times times times

Pb 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Fe 4.75 2.68 2.11 1.75 1.51 1.53 1.53 1.53 1.77
Al* 17.23 7.71 5.43 5.18 4.70 4.25 4.81 5.22 6.01
H O 35.00 17.80 12,50 11.15 9.93 10.00 11.20 12.35 14.13

® Or concrate.

txluit!: An lran shield [s requirsd for manipulation of 500 mc of redisactive material eaite
tinp 1.3 Mav ganmh vays 2t & alalnuae sorking distance of 50 cw, and fer tug houts par day.

Shielding thicknass = (7,08 {basic antry)
+ 2.78 {cerraction for dunger rangs)
- 2.70 {correction for 2 hrfday)})
% .59 ¢u Fo (cenversion from Pb to Fe)
= 0.9 to F@
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APPENDIX V

Major Classes of Uranium Deposits

Urantum composes about 0.0004% of the earth’s crust, but it occurs very spar-
ingly in significant concentrations. There are five major classes of uranium de-
posits which are being exploited now or will be exploited in the future:

1. High-grade pitchblende-radium deposits [assaying better than 1% uranium
oxide (U;04) in quantity worth mining} occurring as replacement bodies. Where
oxidized, the ore consists of autunite, carnotite, and other oxidation products of
pitchblende, many of which are brightly colored. The better known deposits
of this kind are Eldorado in Canada; Shinkolobwe in the Belgian Congo (from
hoth of which the United States obtains uranium); and Joachimstahl and other
deposits in the Ersgebirge district of Crechoslovakia and Germany which,
according to newspaper accounts, Russia is exploiting. Depogits of this class
may conisin appreciable quantities of silver, copper, or cobalt.

2. Carnotite-type and roscoelite-type vanadium-uranium ores of the Colorado
plateay. These closely related ore types are spparently important only in this
country, but at best they are quite inferior to the high-grade ores as a source of
uranium. These deposits occurring in fat-lying sandstones are under active
development as part of the commission’s program. Ore acceptable at AEC ore
purchase depots contains & minimum of 0.10% U0, and payment is made for
vanadium (Vy0;) content in a ratio not exceeding 10 parts V4O, to one part U;0y.
By-produet uranium from privately owned vanadium plants is also purchased by
the commission.

3. Gold-uranium ores of the Witwatersrand, South Africa. Public announce-
ment has been made of the occurrence of uranium as s very minor constituent of
the gold-bearing Witwatersrand conglomerate, The prospect exists of future by-
product uranium from the great gold mining industry of the Union of SBouth Afries.
The commission, through the U. 8. Geological Survey, has been systematically
examining all of the mill and smelter products in this country to discover if similar
by-product possibilities exist here,

4. Uranium-bearing oil shales and other marine sediments. It has long been
known that certain oil shales and other marine sediments, including phosphatic
beds, contain very small quantities of uranium. Sweden, for example, has
announced that she is building a amall atomic pile and intends to derive uranium
from her oil shales to feed this pile. According to published statements Swedish
shale deposits containing many millions of tons of “ore” run around 0.02% U,0,.
(These same geological formations extend northeastward up through Estonia and
Leningrad.) By-product uranium from oil shale or phosphate industries may play
a part in the development of atomic energy in different parts of the world. The
AEC expects to exhaust every. possibility of this character in the United States.

5. Miscellancous other deposits. Pegmatites containing small amounts of
pitchblende; placers containing & little uranium (generally ss thorianite) along
with monaszite, and other ore types of as yet minorimportance.

—From a release by U.S. Alomic Energy Commission
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APPENDIX VI
FALL-OUT

When an atomic bomb explodes the enormous
amount of heat generated causes a rapid rise of air.
After the blast air rushes back into the point of ex-
plosion from every outward direction to take the
place of the rapidly rising cloud of air. This rushing
in of the air or inward wind reaches hurricane
strength.

If the bomb explodes near the ground the inward
wind will pick up a Jarge amount of dust from the
earth’s surface and carry it into the cloud which is
radioactive. Here the minute particles of fission
products, unfissioned materials, and the artificially
created radio active substances attach themselves to
the larger dust particles brought up from the ground
by the inward wind.

As the upward rush of air subsides the existing
winds of the area tend to blow the cloud column away.
Also, the contaminated dust particles begin to fall
slowly to the earth. Usually, we expect two different
masges to fall at the same velocity, but the resistance
of air to small particles slows down the lighter ones
more than it does the heavier ones. Thus, the heavier
particles falf a little faster than do the lighter par-
ticles, causing a spread of contamination. This falling
to the earth of the contaminated dust is often called
llﬁn_out'”

AIR BURST

It is to be noted that if the bomb explodes high
in the air the inward wind toward the point of explo-
sion does not pick up much dust from the ground,
Thus, the small radicactive particles in the cloud

have fewer larger particles to attach themselves to
and are blown away, being scattered over such 2 wide
area that the concentration is negligible.

SUBSURFACE BURST

A large quantity of debris and dust is carried up
by a subsurface burst. Furthermore, the column does
not rise as high as does the column after other type
bursts. Hence, serious contamination is expected
from fall-out after a subsurface burst. See figure 48

SURFACE BURST

A considerable amount of dust, but less than for a
subsurface burst, is picked up from the surface of the
carth by the inward wind immediately after a surface
burst. Fall-out after a surface burst will cause some
serious contamination. However, the fall-out will be
less serious than that of a subsurface burst. See

figure 49.

At different altitudes, even the same locality, the
direction of the wind differs. This change of wind
direction encountered by the falling particles will com-
plicate, slightly, the calculation or prediction of a fali-
out area (see fig. 52). However, with the proper
wind data which can be obtained from the Air
Weather Service, a radiological defense officer can
calculate fairly accurately the probable fall-out area
The method of making these plots now is being taught
in the service schools which are training officers to be-
come radiological defense staff personnel.
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APPENDIX VII

DEPARTMENT OF THE ARMY PLAN FOR
RADIOLOGICAL DEFENSE

Paragreaph Page

Section I Introduction ... .. .. ... .. . . it aaaaes 1- 4 132
II. Responsibilities . ... ... i o e e §- 6 133

III. Organieational Structure ... ... .. .. ... ciiniiianronnrancanaass 7-14 133

IV. Personnel Requirements .................¢cocviireruoienenneresans 15 - 16 136

V. Training Requirements ..................c.0.iiiiirnenninninnrnnes 17 - 26 136

VI. Logistical Requirements .................cc.ciiiieinniennrninnins 27 - 137

VII. Research and Development ........ ... .coiiiiiiiiiiiirreriaennsn 33 138

VIIL Intelligence .. ... ..o ittt at e M- 138

APPENDIX A, Glossary of Terms ... ... i iatia e iia i inarr iy 139
B. Responsibilities of Chiefs of Technical Services ... ... . cviiiiiiinneeanan i41

C. Radiological Defense Job Descriptions ... ... ... ciiiiiiiiiaiins 142

D. Estimated Personnel Requirements ....... ... ... i iiiiiiiiiinnanns Omitted.

E. Radiological Defense Traiting Plan ............icvieviiirieriiiniiinn-s Omitted.

F Omitted.

. Estimated Training Requirements

Section I. INTRODUCTION

1. General. 4. The advent of the atomic bomb
has introduced into military planning the problem of
dealing with, and providing defense against, the radio-
logical hazards produced by weapons of this type.

b.  While the atomic bomb is capable of producing
heat and blast damage of unprecedented magnitude,
its unique feature is the release of enormous quan-
tities of nuclear radiations in the form of gamma
rays, neutrons, alpha particles, and beta particles at
the instant of and subsequent to detonation.

¢. At the instant of detenation, the radiological
hazard is due almost entirely to the penetrating
shower of neutrons and gamma rays produced by the
nuclear explosion. Other nuclear radiations are
emitted at this time, but are relatively unimportant in
comparison with the neutrons and gamma rays. The
emission of neutrons ceases almost immediately fol-
fowing the explosion, and the radiological hazard sub-
sequent to detonation is attributable to the combined
effect of the radicactivity produced by the fission
products resulting from the nuclear fission of the
bomb material, the unfissioned material or bomb
residue, and the radicactivity induced in certain mate-
rials in or near the target area by the neutrons from
the explosion.

d. Since the effective persistency of the radiation
hazards created by atomic weapons or radiological
weapons may range from fractions of a second to
many years, depending upon the half-lives of the
radioactive substances present, radioiogical defense

132

measures must include the detection, isolation, and/or
decontamination of areas and matériel contaminated
with radioactive materials.

e. The inability of the physical senses to detect
the presence of nuclear radiations and the casualty-
producing effects of these radiations require that suit-
able countermeasures, including special equipment
and techniques, be devised to protect personnel and
material against the hazards of radioactivity.

2. Definition. Radiological defense is defined as
the protective measures taken to minimize personnel
and matériel damage from radioactivity, and is in-
terpreted to include measures such as—

a. Training, organization, and distribution of per-
sonnel.

b. Development, provision and maintenance of
fixed and portable structures and equipment.

¢. Development of techniques and procedures in-
cluding use of detecting equipment, protection or re-
moval of exposed personnel, and decontamination of
personnel, equipment, structures, or terrain. A glos-
sary of terms pertinent to this plan is attached to ap-
pendix A.

3. Purpose of plan. The purpose of this plan
is to establish a radiological defense organization
within the Department of the Army which will pro-
vide for—

a. The protection of Army personnel, units, and
establishments against the effects of radioactivity, and
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the maintenance of the operational efficiency of the
Army in the presence of radiological hazards,

b. The support of civil radiological defense con-
trol and rglief measures in accordance with the
Army’s established policies for providing assistance to
civil autharities in connection with disaster relief
operations.

4. Scope of Plan. Consistent with the defini-

tion of radiologica!l defense, this plan is concerned
only with the Army-wide organization, training, and

application, of countermeasures required to minimize
personnel injury and matériel damage which may re-
sult from exposure to radiological hazards. No at-
tempt is made in this plan to specify organization,
responsibility, or operating procedures in the broader
field of atomic defense, of which radioclogical defense
is a part. Atomic defense will involve the coordinated
and usually simultaneous application of counter-
raeasures to mitipate the effects of blast, fire, and
flood, as well as those of radicactivity, and is beyond
the scope of this plan. )

Section II. RESPONSIBILITIES

5. Command Responsibilities. The radio-
logical defense training of the unit and of the indi-
viduals in the unit, and the protection of the unit
against radiological hazards, are basic responsibili-
ties of command.

6. Responsibilities of Depariment of the
Army Agencies. ¢ In the implementation of the
Army radiological defense program, responsibility for
operational control measures, training procedures,
research and development, and logistical support will
be charged, wherever possibie, to those Department

of the Army agencies now performing similar func-
tions within their established fields of responsibility.

b. Certain fields of responsibility with respect to
radiological defense organizational and training func-
tions are enumerated in appendix “B.”

¢. Fields of responsibility pertaining to research
and development activities in the field of radiological
defense, and to the logistical support of the Army
radiological defense program, will be determined and
promulgated by the Assistant Chief of Staff, G4,
Logistics, General Staff, United States Army.

BSection III. ORGANIZATIONAL STRUCTURE

7. Basic Organizational Policy. The enemy
employment ‘of atomic or radiological weapons may
present a simultancous need for many, or all of the
countermeasures normally applied against other types
of enemy action. In view of this possibility, and in
the interests of effecting the maximum utilization of
personnel and facilities, the Army organization for
radiological defense will be included, wherever pos-
sible, within the framework of existing organizations
dealing with command, training, logistical support,
and operational control measures designed to counter
enemy action.

8. Expansion of Gas Defense Organization
to Include Radiological Defense. The functions
of the present Army organization described in
FM 2140 for defense against chemical attack will be
expanded to include radiological defense, thus pro~
viding specially trained personnel at all levels of the
military structure to assist and advise commanders in
radiological defense planning and action.

9, Radiological Defense Function of Chief,
Chemical Corps. The Chief, Chemical Corps, as

a technical staff officer of the Department of the
Army, will be the adviser to the Secretary of the
Army, the Chief of Staff, and all elements of the
Army on all matters pertaining to the non-medical
aspects of radiclogical defense. In this connection,
he will be responsible for preparing and promulgating
training doctrine, except for those phases of the pro-
gram which pertain essentially to the medical aspects
of radiological defense; conducting special service
schools; and recommending Armywide technical in-
spection of training in radiclogical defense.

10. Echelons of Non-Medical Radiological
Defense Duties. This expansion of the functions
of the existing chemical defense organization will pro-
vide for the delegation of radiological defense duties
to staff chemical officers and unit gas personnel, as
indicated below:

a. Staff radiclogical defense officers (siaff chem-

tcal officers).
(1) Field ormies. At division and higher
. headquarters, radiological defense duties
will be delegated to the staff chemical officer
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who will serve as the technical adviser to

the commander and staff in such matters,

(2) Service elements. At headquarters of all
communications zone and zone of the in-
terior service elements, radiological defense
duties will be delegated to the staff chem-
ical officer, who will serve as the technical
adviser to the commander and staff in such
matters.

(3) Posts, camps, and stations. At posts,
camps, "and stations, radiological defense
duties will be delegated to the post chem-
ical officer, who will serve as the technical
adviser to the post commander in such
matters.

b. Unit radiological defense officers (unit gas of-
ficers). Below divisional level, radiological defense
duties will be performed by the unit gas officers. As
prescribed in FM 2140, each combat or service
brigade, regiment, battalion, company, or similar
units, will have a minimum of one qualified unit
radiological defense officer (unit gas officer), and a
minimum of one qualified alternate, appointed from
assigned personnel by the unit commander. Addi-
tional alternates will be appointed, wherever pos-
sible, and all officers so appointed will be qualified to
perform their radiological defense duties by comple-
tion of a prescribed course of training.

¢. Unit radiological defense noncommissioned of-
ficers (wnit gas momcommissioned officers). Below
divisional level, unit radiological defense noncommis-
sioned officers (unit gas noncommissioned officers)
will assist unit radiological defense officers in per-
forming radiological defense duties. As prescribed
in FM 21-40, each combat or service brigade, regi-
ment, battalion, company, ot similar units, will have
unit radiological defense noncommissioned officers
(unit gas noncommissioned officers) appointed on
the following basis, by the unit commander:

(1) Brigade or similar wnit, Minimum of one
unit radiological defense noncommissioned
officer (unit gas noncommissioned officer).

(2) Regiment or similar unit. Minimum of
one unit radiological defense noncommis-
sioned officer (unit gas noncommissioned
officer).

(3) Battalion or similar unit. Minimum of
one unit radiological defense noncommis-
sioned officer (unit gas noncommissioned
officer).

(4) Company or similar unit. Minimum of

two unit radiological defense noncommis-
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sioned officers (unit gas noncommissioned

officers).
At least one alternate will be appointed for each unit
radiological defense noncommissioned pfficer re-
quired, and all appointees will be qualified to perform
their radiological defense duties by completion of a
prescribed course of training. Unit radiological de-
fense noncommissioned officers (unit gas noncommis-
sioned officers) will be selected from individuals of
the first four grades.

11, Increased Functions of Staff Chem-
ical Oficer. The present job description covering
the position of staff chemical officer (SSN 7314) will
be expanded to include radiological defense functions.
Unit gas officers and unit gas noncommissioned of-
ficers will perform both chemical and radiological de-
fense duties in addition to their primary duty assign-
ments,

12, Additional Radiological Defense Posi-
tions. In addition to the radiological defense posi-
tions enumerated in paragraph 10, which will evolve
from the adoption of the present organization for de-
fense against chemical attack, studies of the radio-
logical defense requirements of the Army indicate an
appatent need for augmentation of this basic organi-
zational structure. As a result of these studies, the
following additional types of radiological defense
positions will be provided for in the Army organiza-
tion:

8. Radiological defense enginesrs. These specially
trained officers normally will be assigned to duty with
the staff chemical sections of theater of operations
headquarters, communications zone headquarters, and
other major headquarters, on the basis of individ-
ual requirements, and will serve as advisers and
technical experts in all matters pertaining to the non-
medical aspects of radiclogical defense. The position
of radiological defense engineer will be a primary
duty assignment, and will be filled by officers who
have completed a prescribed course of postgraduate
and field training.

b. Radivlogical defense medical officers. These
specially trained officers normally will be assigned to
duty with the staff medical sections of theater of
operations headquarters, communications zone head-
quarters, and other major headquarters, on the basis
of individual requirements, and will serve as advis-
ers in all matters pertaining to the medical aspects
of radiological defense. The position of radiological
defense medical officer will be a primary duty assign-
ment, and will be filled by officers who have com-
pleted a prescribed course of postgraduate training.
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. ¢. Radiological dsfense monitors. Trained en-
listed personnel will be required to assist unit radio-
logical defense officers and unit radiological defense
noncommissioned officers in performing instrument
surveys and obtaining radiological data in areas con-
taminated, or suspected of being contaminated with
radioactive materials. Radiological defense monitors
will perform this duty in addition to their primary
duty assignments. Each combat or service regiment,
battalion, company, and similar units, will haye ra-
diological defense monitors appointed by the unit
commander, on the following basis :

(1) Regiment or similar umit. Minimum of
one radiological defense monitor.

{2) Batiglion or similor unit. Minimum of
one radiological delense monitor.

(3) Company or similar wnit. Minimum of
two radiological defense monitors.

At least one alternate wili be appointed for each
radiological defense monitor required. Radiological
defense monitors will be selected from individuals be-
low the first four grades, and will be qualified to per-
form their duties by completion of a prescribed
course of training. So far as practicable, all unit
personnel will be trained in monitoring operations
and techniques s0 as to insure the availability, at all
times, of individuals qualified to operate radiation
detection instruments and devices in an emergency.

d. Rodiological insirument repsirman. Organi-
zational, field, and depot maintenance on radiologi-
cal equipment will be performed by radio repairmen
who have received instruction in the maintenance
and repair of radiological detection instruments,
The chief signal officer will provide for the training
of these repairmen, and also will prepare doctrine
pertaining to the maintenance of electronic radio-
logical instruments utilized by all elements of the
Amy. Radiological instrument repairmen who
have had this specialized training will be required
at ali echelons to perform organizational, field, and
depot maintenance on radiation detection instru-
ments and devices used by the Army. Certain
phases of organizational maintenance including cali-
bration of instruments and replacement of defective
or worn out batteries can be performed by radio-
logical defense monitors, under the general super-
vision of unit defense personnel.

¢. Radiological defense wmedical laboratory of-
ficer. An MSC officer trained at the postgraduate
level in radio-chemistry, biology, bio-assay, and al-
lied radiation fields. Such officers will supervise
bio-assay laboratories. .

f. Rediological defense laboralory techmician
(medical). Enlisted technician of the Army Medi.
cal Service trained in the techniques peculiar to
biological, radio-assay laboratorjes,

g. Radiological defense laboratory techmicion
(nonmedical). Enlisted technician trpined in ra-
dio~chemistry analysis and radiation measurement.

13. Agencies Requiring Radiological De-
fense Trained Personnel. It is envisaged that
the following Department of the Army agencies re-
sponsible for providing guidance with respect to
organization, research and development, procure-
ment and supply of equipment, preparation of train-
ing material, development of operational techniques,
and formulation of policy, will have a requirement
for personnel trained in radiological defense meas-
ures and technigues:

o. Assistant Chief of Staff, G-1, Personnel, Gen-
eral Staff, USA.

b. Assistant Chief of Steff, G—Z, Inhelhgmce.
General Staff, USA.

¢. Assistant Chief of Staff, G-3, Operations, Gen-
eral Staff, USA.

d. Assistant Chief of Staff, G4, Logistics, Gen-
eral Staff, USA,
e. Office, Chief, Army Field Forces.
Chemical Corps.
Corps of Engineers.
Military Police Corps.
Army Medical Service,
§. Ordnance Corps.
k. Quartermaster Corps.
1. Signal Corps.
m. Transportation Corps.

@
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14. Job Descriptions of New Radiological
Defense Positions. Proposed job descriptions
summarizing the duties of each category of radiolog-
ical defense persomnef referred to in paragraphs 10
and 12, are attached as appendix C.
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16. Expansion of Functions. As indicated
in section IIl above, requirements for radiologi-
cal defense personnel other than radiological defense
engineers, and radiological defense medical officers,
can be satisfied through the expansion of an exist-
ing military occupational specialty to include radio-
fogical defense duties in the instance of the staff
chemical officer, and through the delegation of ra-
diological defense functions to certain unit per-

Section IV. PERSONNEL REQUIREMENTS

sonnel in addition to their primary duty assignments.
The pusitions of radiological defense engineer, ra-
dioclogical defense medical officer, radiological de-
fense medical laboratory officer, radiological defense
laboratory technician (medical) and radiologica) de-
fetise laboratory techrician {(nonmedical)}, however,
will constitute & requirement for additional person-
nel, ang for the inclusion of these new military occu-
pational specialties in applicable tables of organiza-
tion and equipment.

Section V. TRAINING REQUIREMENTS

17. Scope of Army-Wide Training. Army-
wide training in radiological defense measures and
techniques will include training in djividual, col-
lective, and tactical protection ; training in the medi-
cal aspects of radiological defense; training in ra-
diation detection instrument maintenance and re-
pair; and the training of personnel in such other
fields as may be found necessary to satisfy any
special requirements of the radiological defense pro-

gram.

18. Thoroughness of Training. To prove ef-
fective, this training must be included in all individ-
ual and unit training programs, integrated through-
out the Army school system, and coordinated to the
maximum extent possible with the courses of in-
struction offered at comparable Navy and Air Force
schools.

19. Coverage of Radiological Defense
Training. To satisfy these requirements, the train-
ing of Army personnel in radiological defense meas-
ures and techniques will range from the basic, non-
technical indoctrination given to every individual,
through the several levels of military technical train-
ing required to qualify individuals who will fill op-
erational positions in the radiological defense or-
ganization, to the advanced or specialized postgradu-
ate training of radiological defense engineers and
radiological defense medical officers.

20. Implementation of Army-Wide Train-
ing Program. The Army-wide training program
will be implemented by incorporating appropriate ra-
diological defense instruction in all troop training,
in the program of instruction for the Reserve Of-
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ficers' Training Corps, and in the curricula of the
United States Military Academy and the several
special and general service schools; through the use
of extension courses; and through the establish-
ment of special courses of instruction for radiologi-
cal defense personnel. At the advanced education
or postgraduate level, the training facilities pro-
vided by service schools will be augmented, as re-
quired, by utilizing civilian educational institutions
and training agencies.

21. Extent of Training for Army Medical
Service Personnel. The radiological defense
training of personnel of the Army Medical Service
will parallel that provided for non-medical personnel,
and will range from basic indoctrination to a post-
graduate level of instruction which will correspond
to that provided for radiological defense engineers.
Insofar as practicable, all Medical Corps officers will
receive training corresponding to that given to staff
radiological defense officers and/or unit radiologi-
cal defense officers, with supplemental training in the
pathological and clinical aspects of radiclogical war-
fare. The balance of Army Medical Service per-
sonnel will receive appropriate indoctrination in both
the medical and non-medical aspects of radiological
defense. Such training will be as prescribed by The
Surgeon General.

22. Means of Training Reserve Compo-
nents. The training of personnel in the Reserve
components of the Army will be limited in general
to the basic indoctrination and the military tech-
nical training levels, and will be accomplished
through the medium of extension courses, special
short courses of instruction at special service
schools, and the indoctrination material included in
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the curriculz of the associated courses offered by the
special and general service schools.

23.
24,
25.

26. Additional Specialist Training. It iy ex.
pected that Department of the Army agencies
charged with specific responsibilities in the field of
radiological defense will train personnel to satisfy
their individual requirements for techmnical specialist
in the same manner that they now train research
and other specialist personnel with respect to their
presently established fields of responsibility.-

Section V1. LOGISTICAL REQUIREMENTS

27. Requirement for Instruments and
Equipment. While detailed specifications covering
the equipment and supplies which will be needed
to support the Army radiological defenise organiza-
tion have not yet been developed, a requirement is
indicated for radiation detection instruments, and
for certain general types of individual and collective
protective equipment.

28. Imstrumentation. a. Since the physical
senses are incapable of detecting the presence of even
intense fields of ionizing radiation prior to the time
that physical damage has been incurred by the in-
dividua), the detection and measurement of nuclear
radiations is entirely dependent upon the proper
use of suitably designed instruments.

5. The limited experience gained to date in the
field use of radiation detection instruments indicates
an initial military requirement for {(a) an instrument
which will provide an instantaneous reading of ra-
diation intensity at a given point and will satisfy
the need for a survey instrument to detect the pres-
ence of, and measure the intensity of, radiation in
areas contaminated with radioactive materials: and
for (&) an instrument or device capable of register-
ing the cumulative amount of radiation received dur-
ing a given time interval and providing a means
of determining the degree to which personnel have
been exposed. In the interests of simplifying train-
ing within the Armed Forces in the use of radia-
tion detection instruments and providing for the
interchangeability and efficient utilization of such
equipment when required, the standardization of ra-
diation detection instruments and devices will be
effected on a joint Army-Navy-Air Force basis, in-
sofar as possible.

. In view of the fact that the standardization
of radiation detection instruments and devices for
military use has not been accomplished to date, this

plan does not include specific recommendations refa-
tive to T/O&E allowances of such equipment, . . .

29. Individual Protection. The seriousness
of the internal radiation hazard, which can result
from the inhalation, ingestion, or injection of ra-
dioactive particles into the blood stream through
breaks in the skin, indicates a requirement for 2
protective mask which wiil prevent the inhalation
of ‘such particles, and for some type of protective
clothing which will protect the body from direct
contamination with radioactive materials.

30. Collective Protection. A requirement is
indicated for some type of coliective protector similar
to those now used for protection against chemical
agents, or some type of inclosed air conditioning sys-
tem, for the protection of vital installations and
underground shelters. Equipment of this type will
be required tc prevent the entry of airborne ra-
diocactive materials into the ventilating systems of
structures and installations which otherwise may
furnish adequate protection against the effects of
atomic or radiological weapons.

31. Use of Available Gas Defense Equip-
ment. Pending the further development of indi-
vidual and collective protective equipment, gas
masks, protective clothing, and associated items of
available gas defense equipment will be utilized to
satisfy radiological defense requirements.

32. Responsibility for Procurement and
Supply of Equipment. The procurement and sup-
ply to the Army of radiological defense equipment
and supplies will be carried on under the general
supervision of the Assistant Chief of Staff, G-4,
Logistics, General Staff, United States Army, and
will be charged by the Assistant Chief of Staff,
G4, Logistics, to Army agencies currently per-
forming similar functions within their established
fields of responsibility.
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33. Research and Development. Research
and development pertaining to radiological defense
measures, equipment, and supplies, will be carried
on under the general supervision of the Assistant
Chief of Staff, G-4, Logistics, General Staff,

Section VII. RESEARCH AND DEVELOPMENT

United States Army, in coordination with the Armed
Forces Special Weapons Project, and will be charged
by the Assistant Chief of Staff, G-4, Logistics, to
Army agencies currently performing similar fumec-
tions within their established fields of responsibility.

Section VIII. INTELLIGENCE

34. Supervision of Intelligence on Foreign
Radjological Material. The collection and eval-
uation of information and matériel pertaining to
foreign radiological measures, techniques, and cap-
abilities, both offensive and defensive, will be car-
ried on under the supervision of the Assistant Chief
of Staff, G-2, Intelligence, General Staff, United
States Army, and will be effective through normal
intelligence channels,
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35. Responsibility for Technical Intelli-
gence on Foreign Materiel, As prescribed in
FM 30-15, ss amended, orders defining the re-
sponsibility for the design of United States weapons
and military equipment will govern the delineation of
primary responsibility between the services for the
production of technical intelligence on similar items
of foreign matériel. The service having design re-

‘sponsibility will coordinate with other services who

may have procurement or operating responsibility.
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APPENDIX A
GLOSSARY OF TERMS

1. Atomic weapon—A weapon, either explosive
or nonexplasive employing nuclear energy.

2. Radiological weapon—An atomic weapon in
which radioactive substances are employed primar-
ily to create hazards by utilizing radiation to injure
enemy personnel or to contaminate material,

3. Aiomic worfare—Warfare involving the em-

" ployment of atomic weapons.

4. Radiological warfare—Radiological warfare is
described as the offensive and defensive use of ra-
dioactivity in warfare. The offensive phase includes
the use of radicactive materials and atomic bombs
when used primarily for their radioactive effect. It
also includes the secondary radioactive effect of
atomic bombs used primarily as blast or incendiary
weapons. The defensive phase of radiological war-
fare encompasses the field of radiological defense.

5. Radiological defense—Protective measures to
minimize personnel and matériel damage from ra-
dioactivity. This definition is interpreted to include
measures such as: Training, organization, and dis-
tribution of personnel; development, provision, and
maintenance of fixed and portable structures and
equipment; use of detecting equipment; protection
or removal of exposed personnel, and decontamina-
tion of personnel, equipment, structures, or terrain.

6. Alpha () porticle—A positively charged nu-
clear particle emitted by certain naturally radioactive
substances such as radium and uraninm. Because
of their short range and limited penetrating power,
alpha particles are absorbed by the epidermis or
outer skin with no resulting change in living tissues,
and hence do not present an external radiation haz-
ard. On the other hand, alpha emitting materials
constitute a serious and delayed internal radiation
hazard if they are taken into the body through in-
halation or ingestion, or through open wounds in
the skin,

7. Bets (B) particle—A positively or negatively
charged particle emitted by certain radicactive sub-
stances. Although the range of beta particles is
greater than that of alpha particles, they do not
provide a sericus external radiation hazard at dis-
tances greater than a few feet from their source, As
in the instance of alpha particles, beta emitting ma-
terials provide a serious internal radiation hazard
if absorbed into the body through inhalation, .in-

gestion, or open wounds. Close contact with a
beta emitter or handling of beta contaminated ob-
jects with the bare hands can produce sericus radia-
tion damage to the skin and immediate underlying
tissues,

8. Gawma (y) roy—A penetrating, invisible ra-
diation which travels at the speed of light and is
emitted from the nuclei of certain radioactive atoms.
Gamma rays aré similar in character to X-rays, but
are usually more penetrating due to their higher en-
ergies. Gamma radiation constitutes a serious ex-
ternal radiation hazard since it can be counteracted
only by the interposition of thick shielding material
between the source and the personnel to be pro-
tected. lead, steel, concrete, and other common
materials are capable of reducing the imtensity of
gamma rays, thus providing varying degrees of
protection against this type of radiation. The de-
gree of protection afforded is dependent ipon the
mass of the shielding material employed and the
energies of the gamma rays.

9, Nsutron—A puclear particle bearing no net
electrical charge. Although neutrons do not have
as great an effective range in air as gamma rays, they
present a more difficult shielding problem, and con-
stitute a setious external radiation hazard. '

10, Fission—The process by which the nucleus
of an atom breaks into two to four maiu fragments,
which are atoms of lighter materials, and emits sev-
eral free nentrons. This process is accompanied by
the release of a tremendous amount of energy which
is imparted to the fragments of the original nu-
cleus and to the neutrons which are emitted. Fis.
sion energy also is imparted to beta and gamma ra-
diation.

11, Fissdon product-—-An element produced as a
result of nuclear fission. Fission products are radio-
active and emit beta particles, gamma rays, and, in
some instances, neutrons.

12. Unfissioned wmaterial—Fissionable material
which has not undergone fission, In the instance of
an atomic bomb explosion, unfissioned material con-
sists of that portion of the original bomb material
which did not enter into the puclear reaction. Un-
fissioned material is an alpha particle emitter.

13. Isotopes—Two or more forms of the same
element which have the same chemical properties, but
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different atomic weights. Certain isotopes are un-
stable or radioactive and, in the process of radio-
active decay to a stable isotope of the same element
or a different element, emit one or more types of
nuclear radiations.

14, Induced rodicactivity—Artificial radioactivity
which may be produced in certain elements as the
result of the capture of neutrons by these elements.

15. Half-life—A measure of rate of radioactivity
decay. The half-life of a radicactive isotope is the
period of time required for a given amount of that
isotope to decrease to one-half its original amount as
a result of natural radioactive disintegration. The
half-life of a given isotope is a physical constant char-
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acteristic of that isotope, independent of the quantity
of the isotope originally present, and unaffected by
chemical changes and variations in temperature, pres-
sure, etc. The half-lives of individual isotopes vary
from fractions of a second to hillions of years.

16. Photodosimelry—The use of photographic
film to measure the total amount of ionizing radia-
tion received over a given period of time. In gen-
eral, photodosimetry operations include the use of
personnel film badges, the developing of the film
badges, and the determination, by means of photo-
electric instruments (densitometers) or calibration

charts, of the total amount of exposure recorded on .
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APPENDIX B

RESPONSIBILITIES OF CHIEFS OF
TECHNICAL SERVICES

1. Chief, Chemical Corps. a. Development
of the over-all Army radiological defense organiza-
tion.

b. Formulation, coordination, and promulgation
of radiological defense training doctrine for the De-
partment of the Army, except for those phases which
pertain essentially to the medical aspects of radio-
logical defense. -

¢. Technical advice pertaining to the training of
the Army in radiclogical defense, and the conduct of
special service schools required to qualify radio-
logical defense personnel in conformity with the
levels of training standardized by the Armed Forces
Special Weapons Project, except for those phases
of the training program conducted under the super-
vision of The Surgeon General, and the Chief Signal
Officer.

d. Assistance to the Office of the Chief, Army
Field Forces, in the development of tactical doctrine
for the field army, and in the training of unit radio-
logical defense personnel.

2. The Surgeon Generzl. s. Formulation of
Army-wide policies pertaining to the diagnosis,
treatment (including patient decontamination), evac-
uation, and hospitalization of radiological casualties.

b. Administration of photodosimetry operations
and records in conjunction with the Army-wide sys-'
tem of individual medical records and medical sta-
tistical reporting.

¢. Training of Army Medical Service personnel
in the medical aspects of radiological defense and
treatment of radiological casualties.

3. Chief Signal Officer. a. Training of ra-
diological instrument maintenance personnel to per-
form field and depot maintenance operations.

b. Preparation of Department of the Army doc-
trine on the care and use of electronic radiological
instruments. . '
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APPENDIX C
RADIOLOGICAL DEFENSE JOB DESCRIPTIONS

Staff Radiological Defense Officer (Staff
Chemical Officer).

Note. The prescribed duties of staff chemical officers
(SSN 7314) will be expanded to include the functions of
staff radiological defense officers, as indicated below.

Advises commander and staff on radiological de-
fense measures. Supervises and inspects, within
limits prescribed by the commander, the radiologicai
defense training of all units in the command; pre-
pares the SOP for defense against radiological attack
for the cotmmand; supervises, within limits pre-
scribed by the commander, collective protective meas-
ures, including the reconnoitering of areas subjected
to radiological attack or suspected of being contam-
inated with radioactive materials; provides techmical
advise with respect to the isolation and/or decon-
tamination of areas and matériel contaminated with
radipactive materials; examines captured radiological
defense equipment, and coliects and evaluates infor-
mation concerning the status of enemy equipment
and training ; advices commander regarding quantity
and condition of radiological defense equipment and
supplies.

Radiological Defense Engineer

Note. This proposed job description covers a new military
occupationa] specialty,

Serves as adviser and technical expert on all mat-
ters pertaining to the non-medical aspects of radio-
logical defense. Prepares general policies and in-
structions relative to protection of personnel, facili-
ties, and matériel from radiological attack, and co-
ordinates such policies and instructions with radio-
logical defense programs of other governmental and
civilian agencies; supervises and inspects radiological
defense training of subordinate units, and insures that
units comply with directives establishing standards of
instrumentation and personnel training; advises sub-
ordinate commands on technical problems pertain-
ing to radiological defense measures and techniques;
directs and coordinates efforts of agencies providing
relief and assistance to areas subjected to radiological
attack, including the evaluation of the radiclogical
situation and the direction of decontamination opera-
tions ; examines captured radiological defense equip-
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ment, and evaluates mforingtion concerning status
of enemy radiological weapons, defense equipment,
and training,

Radiological Defense Medical Officer.

Note. This proposed job description covers a new military
occupational specialty.

Advises commander and staff on radiation hazards
which may affect his command. Evaluates internal
and external hazards of all types of ionizing radia-
tion and their respective biclogical effects. Advises
as to immediate, retarded and remote sffects of radia-
tion exposures of various dosages received. Evaluates
hazards of food and water contaminated with radio-
active materials. Supervises preparation and pro-
mulgation of necessary information on radioactive
effects to lower echelons. Advises commander and
staff on the medical aspects of the radiological train-

ing program.

Unit Radiological Defense Officer (Unit Gas
Officer).

Note. In addition to the gas defense duties described in
FM 2140, unit gas officers will perform the functions of unit
radiological defense officers, as indicated below.

Adviges unit commander on radiological defense
matters. Trains unit troop officers and noncommis-
sioned officers in radiological defense measures, and
assists, or supervises and conducts as the commander
may direct, the radiological defense training of the
unit; prepares the unit SOP for defense against
radiclogical attack; assists in conducting regular
inspections to determine adequacy of radiological
defense training and the condition of protective
equipment ; advises in the care of protective equip-
ment; supervises unit radiological defense non-
commissioned officers and radiological defense moni-
tors in conducting reconnaissance of areas subjected
to radiological attack or suspected of being con-
taminated with radicactive materials; suggests
methods of dealing with contaminated areas and
matériel; supetvises decontamination operations as
directed ; collects information pertaining to enemy
radiological defense equipment and activities ; advises
unit commander regarding quantity and condition of
radiological defense equipment and supplies; and
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supervises organizational maintenance of all such
equipment and supplies.

Unit Radiologica)l Defense Noncommissioned
Officer (Unit Gas Noncommissioned Officer).

Note. In addition to the gas defense duties described in
FM 2140, unit gas noncommissioned officers will perform
the fmctions of unit radiological defense nomcommissioned
officers, as indicated below.

Assists unit radiological defense officer in per-
forming his duties. Assists in training unit per-
sonnel in methods of individual and collective protec-
tion to be employed in the event of radiological at-
tack, assists in conducting periodic inspections to
insure that all unit personnel are properly informed
and proficient in the application of radiclogical de-
fense measures: demonstrates use of radiation de-
tection instruments and devices, supervises radio-
logice) defense menitors in surveying areas subjected
to radiological attack or suspected of being contam-
inated with radicactive materials; checks readings on
dosimeters periodically, and collects and transmits
film badges used by unit personnel to the prescribed
agencies; assists in supervision of decontamination
operations as directed, including personnel decon-
tamination; maintains unit radiological defense
equipment and inspects equipment at periodic inter-
vals to check condition and quantity.

Radiological Defense Monitor.

Note. This proposed job description covers i new addi-
tional duty assignment.

Performs surveys, under supervision of unit radio-
logicaf defense personnel, of areas subjected to radio-
logical attack. Operates radiation detection instru-
ments and devices to detect presence of, and measure
the intensity of, radiation in areas contaminated with
radioactive materials. Takes and records instrument
readings, reporting findings to unit radiological de-
fense personnel. Assists in decontamination opera-
tions, as directed,

Radiological Instrument Repairman.

Note. This proposed job description covers a new military
occupational specialty.

Installs, inspects, tests, calibrates, maintains, and
repairs all types of radiological detection instruments.
Insspects and tests devices to detect cause of faulty
operation. Locates trouble and makes necessary re-
pairs and adjustments on various types of survey
meters, dosimeters, and allied equipment, Impro-
vises or makes substitutions for defective parts when

exact replacements are not available.
Radiological Defense Medical Laboratory
Officer.

Note. This proposed job description covers 2 new occu-
pational specialty.

Selected MSC officers, trained at the postgraduate
lavel in radio-chemistry, biology, bic-assay, and allied
radiation fields, act as supervisors in the bio-assay
laboratories of the Army Medical Service,

Radiological Defense Laboratory Technician
(Medical).

Note. This proposed job description covers a new occu-
pational specialty.

Selected enlisted technicians of the Army Medical
Service especially trained in techniques peculiar to
bio-assay laboratories, perform routine bio-assay
work in Army Medicsl Service laboratories,

Radiological Defense Laboratory Technician
{Non-Medical).

Note. This proposed job description covers a new occu-
pational specialty.

Selected enlisted personnel, especially trained in
radio~chemistry analyses and radiation measurement,
perform routine operations in laboratories assigned
such functions.
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APPENDIX D

ESTIMATED PERSONNEL REQUIREMENTS
(Omitted)

APPENDIX E

RADIOLOGICAL DEFENSE TRAINING PLAN
(Onmitted)

f APPENDIX F

} ESTIMATED TRAINING REQUIREMENTS
! (Omitted)
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